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NOTE, 


T HE rable bulk of tke annual volume of Transactions the 
Publication Committee to direct that the full list of members of the Society 
7 should be omitted from the preliminary matter therein. The list which would 

have been published in this volume is that which was corrected up to July, 1898, 


and which was issued at that time in pamphlet form as a second edition of the 
Nineteenth Catalogue. ‘The following summary records the number of members 


in each grade : 
Members 1,394 
Associate Members 
Junior Members 


Life Members * 


* These Life Me rs are included in me total membe above, 
they belong. 
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PAST OFFICERS. 
(EXECUTIVE. ) 
PRESIDENTS. 

R. H. Tuurston (April 7th, 1880—Nov. 3d, 1882), E. D, Leavitt, Jr. (Nov. 3d, 
1882—Nov. 3d, 1883), Joun E. Sweet (Nov. 3d, 1883—Nov. 7th, 1884), J. F. 
HoLLoway * (Nov. 7th, 1884—Nov. 13th, 1885), COLEMAN (Nov. 13th, 
1885—Dec. 2d, 1886), Geo. H. BaBcocK + (Dec, 2d, 1886—Dec. Ist, 1887), Horace 
SEE (Dec. Ist, IS8S7T—Oct. 18th, 1888), Henry R. Towne (Oct. 18th, 1888—Nov. 
22d, 1889), OBERLIN Smitru (Nov, 22d, 1889—Nov. 14th, 1890), Ropr. W. Hunt 
‘Nov. 14th, 1890—Nov. 20th, 1891), CHas. H. Lorine (Nov, 20th, 1891—Nov. 
29th, 1892), EckLey B. Coxet (Nov, 29th, 1892—Dee. 4th, 1894), BE. F.C. Davis 
(Dee. 4th, 1894—Aug. 6th, 1895), Cuas. E. | (Aug. 6th, 1895—Dec. 3d, 
1895), Joun Fritz (Dec. 3d, 1895—Dec. 5th, 1896), Worcester R. WARNER 
(Dec, 5th, 1896—Dec. 3d, 1897) 


TREASURERS AND SECRETARIES. 
Treasurers.—LycunGcus B. Moore (April 7th, 1880—Dec. 2d, 1881), CHas. W. 
COPELAND © (Dee, 2d, 1881—Nov. 7th, 1884). 
Secretaries.—Lycurcus B, Moore (Acting, April 7th, 1880—Nov. 4th, 1880), 
THos. WHITESLDE RAE ** (Noy. 4tlr, 1880—March Ist, 1883). 


MEMBERS OF PREVIOUS COUNCILS. 
VICE-PRESIDENTS. 

HENRY R. WortTHINGTON,++ COLEMAN SELLERS, EckLey B. Coxe,t Q. A. 
GiLLMoRE, Wa. H. Sock, ALex. L. F. A. Pratrr, W. P. Trow- 
BRIDGE,S3 E. D. Leavitt, Jr., Cuas. E. Emery, Joun Frirz, Henry Morton, 
Wan. Metca.r, 8S. B. A. B. Coucn, W. R. Eckuart, J. V. MERRICK, 
CHARLES W. CoPpELAND,©£ OLiIn LANDRETH, HENryY R. Towne, C. H. Lorine, 
HORACE SEE, ALLAN STIRLING, Jos. MorGan, Jr., C. T. Porter, Horace 8. 
Smiru, W. 8S. G. Baker, H. G. Morris, C. J. H. Woopsury, Tuos. J. BORDEN, 
Wa. Kent, Cuas. B. Ricuarps, JOEL SHarp, Geo. W. Weeks, DE VoLson 
Woop, 8. W. BALpwin, JouHn F. PANKHURST, ALEXANDER GORDON, Geo. I. 
ALDEN, E. F. C. Davis, Irvine M. Scortr, C. W. Hunt, Tros. R. PICKERING, 
Epwin Reynoups, C. E. Percivan Roperts, Jr., H. J. F. 
H. Bau, Jesse M. Smiru, M. L. Hotman, Geo. W. MELVILLE, CHas, IH, MAn- 
NING, and Francis W,. DEAN. 

MANAGERS. 

W. P. $3 T. N. Evy, J. C. || Wasnrnuton JONEs, 
B. CoGsweE.., F. A. Pratt, Cuas. B. RicHarps, 8. B. Wuitina, J. F. 
LOWAY, Geo, W. FisHer, ALLAN Geo. H. BABcocK, S. W. ROBINSON, 
Jno. E. Sweet, R. W. Hunt, Cuas. T. Porter, C. J. H. Woopsury, W. F. 
DURFEE, OBERLIN Smita, C. Wortratneton, Wa. Lee Wm. 
Hewitt, C. H. Morean, H. A. Hint, Wa. Kent, 8S. T. WELLMAN, F. G. 
Coearn, J. T. Hawkrns, T. R. MorGan, Sr., 8. W. BALDWIN, FRED'K GRIN- 


‘NELL, MoRRIS SELLERS, FRANK H. Bani, Geo. M. Bonn, Wa. Forsyru, Jas. 


E. DenTON, CARLETON W. Nason, H. H. WesTinGuousr, ANDREW FLETCHER, 
R. WARNER, COLEMAN SELLERS, JR., JAS. M. Dopce, Rost. For- 
syTuH, Jesse M. Smiru, Cuas. H. MANNING, C. W. Pusey, Joun THomson, JOHN 
B. Herresnorr, L. B. W. 8. Russet, Joun C, Karer, Cuas, A. 
BAUER, and ArTHuR C, WALWorTH. 


* Died, Sept. 1, 1896. + Died, Dec. 16, 1893 + Died, May 13, 1895. 

§ Died, Aug. 6, 1895. | Unexpired term of Mr. Davis. ¢ Died, Feb. 7, 1895. . a 
** Died, May 27, 1893. ++ Died, Dec. 17, 1880. tt Died, Jan. 29, 1882. 
§§ Died, Aug. 12, 1892. 1!) Died, Oct. 21, 1886. 
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HONORARY COUNCILLORS 


CHARLES « yn, N. ¥. 


WORCESTER R. WARNER........ Cleveland, Ohio. 


[Note.—The former Presidents of the Society are members of the Council for life or during 
their retention of active membership in the Society.]} 


* Unexpired term of E. F. C. Davis. — 
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OF THE AMERICAN SOCIETY OF 


MECHANICAL ENGINEERS. 


Arr. 1. The objects of the American Socrery or Mrcnantcar 
ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 
sional papers, and to circulate, by means of publication among 
its members, the information thus obtained. 

Arr. 2. All persons connected with engineering may be eli- 
gible for admission into the Society. 

Arr. 3. The Society shall consist of Honorary Members, 
Members, Associates, and Juniors. 

Arr. 4. Honorary Members, not exceeding twenty-five in 
number, may be elected. They must be persons of acknowledged 
professional eminence. 

Arr. 5. To be eligible as a Member, the candidate must be 
not less than thirty vears of age, and must have been so con- 
nected with engineering as to be competent as a designer or as a 
constructor, or to take responsible charge of work in his depart- 
ment, or he must have served as a teacher of engineering for 
more than five years. 


Nore.—The Rules of the Society, adopted in 1880, were in force until 1884, 
when they received general revision by a careful committee, whose report, dis- 
tributed by letter ballot, was adopted November 5, 1884. In December, 1894, 
a similar extensive revision was made under direction of the Council, and the 
present rules are those of 1894. They include the amendments made in 1889, 
1891, and 1898, which were the only changes since the revision of 1884. 
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RULEs OF THE 


must be 


o be eligible as an Associate the candidate 


a Arr. 6. | 

not less than twenty-six years of age, and must have the other 
7 > qualifications of a member; or he shall have been so connected 
. with engineering as to be competent to take charge of work, and 


to cooperate with engineers, 

Arr. 7. To be eligible as a Junior, the candidate must have 

chad such engineering experience as will enable him to fill a 

responsible position, or he must be a graduate of an engineering 

school. 

Arr. 8. All Honorary Members, Members, and Associates 
shall be equally entitled to the privileges of membership. Jun- 
-jors shall not be entitled to vote, nor to be officers of the 
Society. 

Arr. % Nominees for Honorary Membership must be pro- 
posed by at least five Members who are not officers of the 
Society. References shall not be required of a nominee for 
~Honorary Membership, but the grounds upon which the appli- 
cation is made must be fully set forth in writing and signed by 
the proposers, 


Arr. 10. A’ candidate for admission to the Society, as a 
Member or as an Associate, must make an application on a form 
to be prepared by the Council, which shall contain a written 
statement giving a complete account of his engineering experience 
and an agreement that he will, if elected, conform to the laws, 
rules, and requirements of the Society. He must refer to at 

least five Members or Associates to whom he is personally 

_ known. <A candidate for admission to the Society as a Junior 
must make an application on the same form, and refer to not 
less than three Members or Associates to whom he is personally 
known. 
Arr. 11. The referees for each candidate for admission to the 
Society shall be requested to make a confidential communication 
on a form to be prepared by the Council, setting forth in detail 
such information, personally known by the referee, as shall en- 
able the Council to arrive at a proper estimate of the eligibility 
of the candidate for admission to the Society. Such confidential 
communications shall be destroyed by the Secretary as soon as 
the vote has been officially declared. 


Arr. 12. All applications for membership must be presented 
to the Council, and this body shall consider each application, 
assigning to each, with the applicant’s consent, the grade in 
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the Society to which, in its opinion, his qualifications entitle him. 
The names of those candidates recommended for election by the 
Society shall be immediately printed on a ballot, and the ballot 
mailed at once by the Secretary to each voting member of the 
Society. Persons desiring to change their grade of membership 
from junior to associate or from associate to member shall make 
wn application in the same manner and on the same form as that 
required for a new applicant. 

Arr. 18. A member entitled to vote may leave the name of 
any candidate on the ballet untouched to vote in favor of the 
admission of the candidate to the Society, or he may erase the 
name to vote against it. Ile shall enclose the ballot so approved 
by him in a sealed blank envelope, and enclose this envelope in a 
second envelope, on which he shall write his name, and mail the 
same to the Secretary of the Society. A ballot without such 
endorsement shall be rejected as defective. The rejeetion of a 
candidate by seven voters shall defeat his election. 

Arr. 14. The aforesaid envelopes containing the ballots shall 
be opened by the Council, at any meeting thereof, and the names 
of those elected shall be announced in the next meeting of the 
Society. The names of applicants not elected shall not be an- 
nounced, nor recorded in the proceedings. 

Arr. 15. Endorsers of any applicant not elected may, within 
three months after such failure to be elected, lay before the 
Council written evidence that an error was then made. The 
Council may then, by a three-fourths vote, order another similar 
ballot by the Society, in which case thirteen negative votes shall 
be required to defeat the candidate. 

Arr. 16, Hlonorary members shall be elected by the unanimous 
vote of the Council, through a letter ballot, not less than sixty 
days subsequent to the proposal, a notice of which proposed elec- 
tion shall have been mailed at once by the Secretary to each 
member of the Council. 

Arr. 17. Each person elected, excepting honorary members, 
must subscribe to the Rules of the Society, and pay the initiation 


fee before he can receive a certificate entitling him to the rights 
and privileges of the Society, and to wear the emblem appropriate 
to his grade. If this payment is not made within six months of 
the election, the same shall be void, unless the time is extended by 
the Council. The emblems of each grade of membership shall be 
worn by those only who belong to that grade. 
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RULES OF THE 


Arr. 18. The initiation fee of a member or an associate shall 
be twenty-five dollars, and the annual dues shall be fifteen dol- 
lars, payable in advance. The initiation fee of a junior shall be 
fifteen dollars, and his annual dues ten dollars, payable in ad- 
vance. <A junior being promoted to any other grade of member- 
ship shall pay an additional initiation fee of ten dollars. Any 
member or associate may become a Life Member in the same 
grade, by the payment of two hundred dollars at one time, and 
shall not be liable thereafter to annual dues. 

The Council shall have the power, for special reasons, by unani- 
mous vote, through a letter ballot, to admit to life membership, 
without the payment of the sum above named, such person as for 
along term of years has been a member or an associate, when 
such a procedure would in its judgment be for the best interests 
of the Society; provided that notice of such action shall have 
been given at a previous meeting of the Council. 

Arr. 19. Any member of the Society in arrears may, at the 
discretion of the Council, be deprived of the publications of the 
Society, or, when in arrears for one year, he may be stricken from 
the list of members. Such person may be restored to the priv- 
ileges of membership by the Council on payment of all arrears. 

Arr. 20, The affairs of the Society shall be managed by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Managers, 
and a Treasurer, who shall also be the Trustees of the Society. 

All past (ex) Presidents of the Society, while they retain their 
membership therein, shall be known as Honorary Councillors, and 
shall be entitled to receive notices of all meetings of the Council 
and may take part in any of its deliberations; they shall be en- 
titled to vote upon all questions except such as affect the legal 
rights or obligations of the Society or its members. 

Arr. 21. The members of the Council shall be elected from 
among the members and associates of the Society at the annual 
meetings, and shall hold office as follows : 

The President and the Treasurer for one year; and no person 
shall be eligible for immediate re-election as President who shall 
have held that office for two consecutive years; the Vice-Presi- 
dents for two years, and the Managers for three years; and no 
Vice-President or Manager shall be eligible for immediate re-elec- 
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tion to the same office at the expiration of the tern r ~_'* 
was elected. “on 
, ao oy Arr. 22. A Secretary, who shall be a member of the Society, 


shall be appointed for one vear by a majority of the members of | 
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the Council at its first meeting after the annual election, or as 
soon thereafter as the votes of a majority of the members of the 
Council can be secured for a candidate. The Secretary may be 

removed by a vote of twelve members of the Council, at any 

time after one month’s notice has been given him by a majority. 
of its members to show cause why he should not be removed, 
and he has been heard to that effect. The Secretary may take 
part in any of the deliberations of the Council, but shall not — 
have a vote therein. Ilis salary shall be fixed for the time he 
Is appointed by a majority vote of the Council. 

Arr. 23. At each annual meeting, a President, three Vice-_ 
Presidents, three Managers, and a Treasurer shall be elected, 
and the term of office of each shall continue until the end of the- 
meeting at which their successors are elected. 

Arr. 24. The duties of all officers shall be such as usually 
pertain to their offices or may be delegated to them by the 
Council or by the Society. The Council may, in its discretion, 
require bonds to be given by the Treasurer. 

Arr. 25. The Council may, by vote of a majority of all its: 
members, declare the place of any officer vacant, on his failure— 
for one year, from inability or otherwise, to attend the Council 
meetings, or to perform the duties of his office. All such va- 
ceancies and those occurring by death or resignation shall be 
filled by the appointment of the Council, and any person so ap- 
pointed shall hold office for the remainder of the term for which 
his predecessor was elected or appointed ; provided that the said 
appointinent shall not render him ineligible at the next annual 
meeting. 

Arr, 26. Five members of the Council shall constitute a quo-— 
rum. Members of a Council absent from a meeting may vote by 
letter upon subjects stated in the call for the meeting, said vote 
to be deposited with the Secretary. 

Arr. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two 
members of each Committee shall expire at the end of each 
year. The Secretary shall, ea officio, be a member of all three 
committees. 

Arr. 28. The Finance Committee shall have power to order all 
ordinary or current expenditures, and shall audit all bills therefor. 
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No bill shall be paid except upon their audit. When special ap- 
propriations are ordered by the Society, they shall not take effect 
until they have been referred to the Council and Finance Com- 
mittee in conference. 

Arr. 29. It shall be the duty of the Publication Committee to 
receive all papers contributed, and to decide upon which papers 
or parts of the same shall be presented at the professional meet- 
ings of the Society. They shall see that all editorial revisions of 
the proceedings, papers, discussions, and reports are made; and 
to decide what parts of the same shall be published in the pro- 
ceedings of the Society. The Council may, at its discretion, 
revise any action of the Publication Committee. 

Arr. 30. It shall be the duty of the Library Committee to take 
charge of the collection of all material for the Library of the 
Society, and to supervise all regulations for its use. 

Arr. 31. At the regular meeting preceding the annual meet- 
. ing a nominating committee of five members, not officers of the 
Society, shall be appointed, and this committee shall, at least 
thirty days before the annual meeting, send to the Secretary the 


names of nominees for the offices falling vacant under the rules. 
In addition to such regularly appointed committee, any other five 
members or associates, not in arrears, may constitute an inde- 
pendent nominating committee, and may present to the Secre- 
tary, at least thirty days before the annual meeting, all the names 
of such candidates as they may select. All the names of such 
independent nominees shall be placed upon the ballot list, with 
nothing to distinguish them from the nominees of the regular 
committee, and the Secretary shall at once mail the said list of 
names to each member and associate in the form of a letter ballot, 
it being understood that the assent of the nominees shall have 
been secured in all cases. 


Arr. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents 
to be elected. Ile may give all these votes to one candidate, or 
distribute them among more, as he chooses. Managers shall be 
voted for in the same way. 


by retaining or changing the names on said list, leaving names 
not exceeding in number the officers to be elected, and returning 
the list to the Secretary—such ballot enclosed in two envelopes, 
the inner one to be blank and the outer one to be endorsed by 


Arr. 35. Any member or associate entitled to vote may vote . 
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the voter. No member or associate in arrears since the last 
annual meeting shall be allowed to vote until said arrears shall 
have been paid. 

Arr. 34. The said blank envelopes shall be opened by tellers 
at the annual meeting, and the person who shall have received 
the greatest number of votes for the several offices shall be de- 
clared elected. 


Arr. 35. The annual meeting of the Society shall be held on 
the first Tuesday in December of each year, in the City of — : 
York, unless otherwise ordered, at which a report of proceedings 
and an abstract of the accounts shall be furnished by the Coun- 
cil. The Council may change the place of the annual meeting, 
and shall, in that case, give timely notice to members and _ asso- 
ciates. 

Arr. 36. Other regular meetings of the Society shall be held 
in each year at such time and place as the Council may appoint. 
At least thirty days’ notice of all meetings shall be mailed by the 
Secretary to members, honorary members, associates and juniors. 

Arr. 37. Special meetings may be called whenever the Council 
may see fit; and the Secretary shall call a special meeting at the 
written request of twenty or more members. The notices for 
special meetings shall state the business to be transacted, and no . 
other shall be entertained. 

Arr. 38. Any member, honorary member or associate, may in- 
troduce a stranger to any meeting; but the latter shall not take 
part in the proceedings without the consent of the meeting. 

Arr 39. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by the 
votes of a majority of the members and associates present, pro- 
vided there is a quorum, 

Arr. 40, At any regular meeting of the Society thirteen or 
more members and associates shall constitute a quorum. 

Arr. +1. Unless otherwise ordered, papers shall be read in the 
order in which their text is received by the Secretary. Before 
any paper appears in the 7'ransactions of the Society, a copy of 
the paper shall be sent to the author, and, so far as possible, a 
copy of the reported discussion shall be sent to every member 


“| 


Xiv RULES OF THE A. 


who took part in the same, with requests that attention shall be 
called to any errors therein. 

Arr. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, except 
in the matter of official publication with the Society’s imprint, as 
its Zransactions. The Secretary shall have sole possession of 
papers between the time of their acceptance by the Publication 
Committee and their reading, together with the drawings. illus- 
trating the same; and at the time of such reading, or as soon 
thereafter as practicable, he shall cause to be printed, with the 
authors’ consent, copies of such papers, “ subject to revision,” with 
such illustrations as are needed for the 7ransactions, for distribu- 
tion to the members and for the use of technical newspapers, 
American and foreign, which may desire to reprint them in whole 
or in part. The policy of the Society in this matter shall be to 
give papers read before it the widest circulation possible, with the 
view of making the work of the Society known, encouraging 
mechanical progress, and extending the professional reputation of 
its members. 

Arr. 43. The author of each paper read before the Society 
shall be entitled to twelve e pies, if printed, for his own use, and 
all members shall have the right to order any number of reprints 
of papers at a cost to cover paper and printing; provided, that 
said copies are not intended for sale. 

Arr. 44. The Society is not, as a body, responsible for the state- 
ments of fact or opinion advanced in papers or discussions, at its 
meetings ; and it is understood that papers and discussions should 
not include matters relating to politics or purely to trade. 

Art. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present ; provided, that writ- 
ten notice of the proposed amendment shall have been given at a 
previous meeting, 
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AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 


(XX XVIth) 


November 30th to December 3d, 1897. 


THE eighteenth annual meeting of the Society (being also its 


thirty-sixth convention) was held in New York City during the 
period November 30 to December 3, 1897. The sessions for 
papers were convened in the auditorium of the Society's house, 
12 West Thirty-first Street, and in the parlors and library ad- 
joining the meeting hall a large number of guests and visitors 
was always to be found. 

The opening session was called to order about nine o'clock 
on Tuesday evening by the Secretary of the Society, who, after 
a few words of greeting in the name of the New York members, 
read a letter just received from Mrs. R. Anna Cary, widow of 
the late Alanson Cary, as follows : 


14 West 77TH STREET. 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 
12 West 31st Street, New York. 

Gentlemen.—The portrait of Robert Fulton, painted by himself, which was 
loaned to you two years ago by Alanson Cary, I now wish to present to the 
American Society of Mechanical Engineers, in his memory, feeling that it 
would be his desire to have me do so. 

Hoping that this gift may prove acceptable, I remain, 

Very truly yours, _ 


November 30, 1897. ay ale we 
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On motion, the Society directed that a resolution of thanks 
should be transmitted to Mrs. Cary by the Secretary, and that 
suitable memorial inscription be placed upon the portrait of 
Robert Fulton, which was hanging over the chair of the Presi- 
dent, at the end of the auditorium. 

The meeting was then turned over to the President of the 


Society, Mr. Worcester R. Warner, of Cleveland, who, before a 
proceeding to the delivery of his annual address as President, 4 
appointed the tellers, required under Article 34 of the Rules, to 7 


count the ballots cast for oflicers to be elected at this meeting. 
Messrs. George I. Rockwood and E. N. Trump were appointed 
to this duty, and the President then proceeded to his address. 
It was entitled “The Telescope Considered Historically and 
Practically,” and was illustrated by well-chosen lantern slides 
from interesting sources, which were exhibited at the close of 
the formal reading of the paper. A contribution by Mr. John 
A. Brashear on the subject of “ Optical Glass ” was appended to 
the address, but was not read in full, owing to the lateness of 
the hour. At the close of the address and its illustrations the 
Society took a recess until the following morning, and the re- 
mainder of the evening was devoted to social reunion, with a 
large number of members in attendance: 


Sreconp Day. WrpbDNESDAY, DECEMBER IST. 


The regular sessions of the annual meeting of the Society 
began with the meeting of this morning, at ten o'clock, in the 
Society's auditorium. The large number already registered in- 
dicated that the numerical success of the meeting was assured. 
‘The plan was again adopted of numbering the lines on the offi- 
gi ial register and providing that a monogram button badge worn 


7 at the convention should bear a number corresponding to the 
ie number on the register. Transcripts from the official register 
_ were printed at short intervals and distributed to the members, 
so that it will be apparent that every one could immediately 
the name of any other member present, without the 
; 7 ~ embarrassment of a direct question, and the result showed that, 
in spite of its great size. the meeting was one of the most suc- 
a : — on its social side. The register showed the following 
+3 persons in attendance from the list of members. The total 
registered, including guests, was six hundred and ten. 
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The first business of the General Session was the Annual Re- 
ports of the Council and the Standing Committees, which were 
read by the Secretary, as follows: 


ANNUAL REPORT OF THE COUNCIL. 


The Council would present to the Society, convened for its 
annual meeting, the report of business which has been considered 
by it and of action which has been taken during the year. 

Five meetings have been convened for the consideration of 
regular routine business and action upon new matters affecting 
the policy of the Society. The routine business has been mostly 
the consideration of applications for membership which have 
been received, and the grading of such applicants pursuant to 
the provisions of the rules and to the judgment of the Council 
in applying them. The routine of this business has received a 
certain definiteness by the appointment of a special committee 
of five of its members to consider these applications as they 
are received, together with the letters which are forwarded to 
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the Council as confidential communications concerning candi- 
dates, and in addition the sending to the membership at large 
an announcement of the pending 
upon the submitted list. This procedure is similar to the pro- 
cess of “posting” usual in social and other clubs, and enables 
the Council and its committee to have additional light over and 
above that which is contained in the letters received from the 
proposers of a candidate. The Council would take this occasion 
to urge upon the voting membership the necessity of writing 
very fully concerning the candidates in whose election they are 
interested, and that members should not be contented merely to 
state that in their judgment a candidate is eligible to a certain 
grade, without giving substantial reasons for the opinion which 
they express. The Council has, furthermore, directed the Secre- 
tary, in cases where this seems advisable, to communicate with 
members resident in the city or town in which the candidate may 
7 reside, to inquire concerning his standing and esteem in the com- 
_ munity in which his work is done. 

Two interesting applications have been received upon which 
the Council has not felt itself able to take final action. One was 
from: a gentleman who had been sent to this country by the 
Chinese government to study mining engineering, and after a 
course at Lafayette College had been recalled to China, and now 
occupies the position of chief engineer of one of the considera- 
ble collieries of the North Province. The other application was 
received from the head of an important firm conducting engi- 
neering business in Madras, India. Both of these gentlemen 
“a were eligible in their several grades, under the provisions of the 

rules, but by reason of their remote residence they were not 
acquainted with the five members of the Society necessary under 
: —= same rules to act as their proposers. The Council has 

accordingly directed the Secretary to draft an amendment to 
the rules which shall provide, under the proper restrictions, for 
the submitting of such candidates to the membership in the 
absence of the personal acquaintance which is required from 
candidates resident in North America. The terms of the pro- 
posed amendment, which has received the approval of the Coun- 
cil, are as follows, and the matter will be brought up in its 

_ proper place during the convention : 

Resolved, That at the end of Article X. of ihe Rules of the 


vandidacy of the person named 
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“Applications for membership from engineers who are not resident in North 
America, and who may be so situated as not to be personally known to five mem- 
bers of the Society, as required in the foregoing paragraph, may be recommended 
for ballot by five members of the Council, after sufficient evidence has been 


secured which shall show that in their opinion the applicant is worthy of admis- 
sion to the grade which he seeks.” 


The present membership of the Society, including the names 
which have been passed to be balloted for previous to this an- 
nual meeting, is as follows: 


The Council has received many applications from the libraries 
of technical schools and other educational institutions, as well 
as from Public or State Libraries, for the receipt of its volumes 
of Transactions as a gift. The Council has appreciated the 
compliment which is paid by these applications and has felt in 
the past desirous of meeting the wishes embodied in such re- 
quests, in view of the benefits which the papers of the Society 
may be expected to confer and the advantages which would ac- 
crue to it if it were well and favorably known to any users of 
such libraries. The difficulty, however, which has been intro- 
duced into the Society’s practice by the gradual increase in the 
numbers who have been receiving such gifts and who may ex- 
pect, on the grounds of precedent, that a similar application 
would be granted to them, has forced the Council to an attitude 
which it regrets, but which seems to be a necessity of the case. 
The following resolution embodies the action which was taken 
and will represent for the present and the immediate future the 
attitude of the Society towards applications of this sort :— 


Resolved, That all college and educational institutions (except State or Public 
Libraries supported by taxation) which should hereafter request that future vol- 
umes of the Transactions of the Society should be sent to them, should be re- 
quired to comply with the general provision, and that such volumes will in the 
future be disposed of to such institutions at the half rate which is allowed to 
members; viz., in paper binding, $5.00; in half morocco binding, $6.00. 

Resolved, That in the case of such institutions as are now receiving the vol- 
umes of the Society's Transactions gratuitously, or without an equivalent in 
exchange, under previous resolutions and other actions of the Council, a notice 
be sent that the Council has directed that this arrangement expire with the issue 


i 
1 
| 
wil 
4 
7 
7 


‘10 PROCEEDINGS OF THE 


“of the Society's Transactions for the year 1899, and that the issue of the volume 
for 1900 come under the foregoing resolution. 

Resolved, That similar institutions desiring to purchase back volumes of 7'rane- 
actions to complete their sets be permitted to do so at the regular member’s 
rates of $5.00 in paper covers and $6.00 per volume in the morocco binding. 

Ata later meeting, October, 1897 : 

Resolved, That State or Public Libraries which derive their income from taxa- 
tion be allowed to procure back volumes or the current and future issues at the 
usual rates to non-members; viz., at $10.00 per volume in paper binding and 
$11.00 per volume in half morocco. 

_ The Council and the Society have been advised, through Mr. 
W m. J. Hammer, President of the International Conference on 
Stand: ird Electrical Rules, that the conference and the other soci- 
~ eties which were contributory to the conference have accepted 
: 7 proposed standard, of which copies have been furnished to 
us for limited distribution to those interested. The conference 

requests that this Society will take the usual action which is r 

Sent in such cases, and the Council have directed that the 
eommunieation of Mr. Hammer should be read at the annual 
_ meeting, and the report of Mr. C. J. H. Woodbury, member of 
the Society, as a delegate.to represent the Society at the confer- 
ence, and on whom was conferred the honor of being made its 
secretary, should be made matters of business for the annual : 
‘meeting. 
Pursuant to the provisions of an agreement entered into 7 


between the Society and Mr. Oberlin Smith, the Society has 
: become the owner, by assignment, of the design patent take on 
a out by Mr. Oberlin Smith for the oval form of the standard 


oval gauge. It is not the intention of the Society to derive 
‘s any business advantage from the ownership of this patent, but 
merely to protect the decimal gauge from abuse in unauthorized 
hands. In carrying out this purpose the Society has given 
- manufacturer’s license to the firm of Pratt & W hitney of Hart- 
Tey - ford, Conn., and will be glad to make a similar arrangement, 
upon request, with other firms of good standing. 

It has been found to be of sufficient advantage to the Society 
and the profession of mechanical engineering in America to have 
the Society officially represented in the conferences which occur 
at stated intervals to discuss uniform methods of test and test- 
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decimal gauge for measuring and indicating the thickness of 
metals, sheet and wire, by thousandths of an inch, the number ~ 
of thousandths being the number of the notch in the edge of the 3 
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ing materials. These conferences are international in character, 
so far as the European nations are concerned, and are held at 
biennial intervals in some European city. The previous confer- 
ence in September, 1895, had been held at Zurich, and the 
Society had been represented there, and it was thought advisa-_ 
able that it should also be similarly represented at the confer- 
ence of August, 1897, at Stockholm in Sweden. In carrying out 
this intention Mr. Gus C. Henning, Secretary of the Society’s 
Committee on Uniform Methods of Test and Testing Materials, _ 
and reporter of that committee, was appointed a delegate of the | 
Society, and was instructed to take the necessary steps to have 
the Society become an enrolled member of the conference. 
This procedure gives the Society, through its delegate, a right 
to vote upon questions brought up in the conference, and the 
provisions of the conference entitle delegates to one vote for 
each four hundred members whom he represents. A report 
from the Society's delegate will be made a matter of business of 
the annual meeting, and the Council would take this occasion to 
express the indebtedness which it feels to Mr. Henning, its dele- 
gate, for the time which he has sacrificed, without compensa- 
tion, to meet this assignment of duty. The Society has only 
been called on to meet the travelling expenses of its delegate. 

In this connection the Council has considered the proposition 
as to the appointment of a conference Committee on Standard 
Specifications for Iron and Steel, as reported in the Proceedings 
of the Hartford Convention, as upon pages 652 and 653 of vol- 
ume xviii. of its Transactions. In accordance with the action 
taken at Hartford, this subject will be made a special order for 
one of the sessions of the New York meeting, pursuant to a cir- 
cular notice issued in July, 1897, whereby members were advised 
upon this point 

Under the provisions of Articles 9 and 16 of the Rules, Mr. 
George Westinghouse of Pittsburg was nominated by competent 
persons, and after the lapse of the statutory period a letter ballot 
of the Council was taken, and the distinction of honorary member- 
ship was by unanimous vote conferred upon Mr. Westinghouse. 

The Council has been earnestly invited to give favorable con- 
sideration te the holding of the spring meeting of 1898 in the 
city of Omaha, Neb., during the continuance of the Trans- 
Mississippi Exposition. It seemed advisable to choose a loca- 
tion for the spring meeting which should be nearer the centre 
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of the average residence represented in the membership, and 
for this reason the invitation has been declined, and the Council 
are giving favorable consideration to the holding of the spring 
meeting of 1898 at Niagara Falls in New York State. 

The Council will also report for record the deaths, since the 
last annual meeting, of the following persons : 

B. M. Harris, May 2d; Robert J. Gilmore, July 2d; J. T. 
Ridgway, August : 27th : tobert E. Marshall, November 30th ; 
David L. Barnes, December 15, 1896; Franeis A. Walker (Hon. 
Member), January 5th; John B. Clements, March 17th; John 
Thomas, March 19th; J. K. Hallock, April 2d; T. R. Foster, 
April 15th ; George H. Platt, May ; John H. Cooper, May 
9th; James E. Grist, May 21st; De Volson Wood, June 26th ; 

- Henry R. Stone, July 5th; Charles H. Parker, August 31st ; 
A. L. Ide, September 30th; N. R. Weaver, October 5th ; Jos. 

Cottier, October 10th; E. H. Booth, October 24, 1897. 
The Council would also present for record the report of its 


to connect themselves with the Society just previous to the 
annual meeting. The report is as follows : Peete 
Sam 
REPORT OF TELLERS OF ELECTIONS. 


_ The undersigned were appointed a committee of the Council 


count the ballots cast for and against the candidates proposed 
for membership in their several grades in the American Society of 
Mechanical Engineers and seeking election before the XXX VIth 
Meeting, New York, 1897. 
They have met upon the designated day, in the office of the 
‘4 Society, and have proceeded to the discharge of their duty. 
They would certify, for formal insertion in the records of the 
Society, to the election of the following persons whose names 
appear on the appended list, in their several grades. 
There were 415 votes cast on the green ballot, of which 
15 were thrown out because of informalities. The tellers have 
considered a ballot as informal which was not indorsed with an 
autographic signature, or where the endorsement was made by a 
facsimile or other stamp. 
JoHN C. Karer, 


=|. Tellers of Election. 
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Brenner, Wm. H. Murphy, Fredk. E. Stiefel, R. C. 
Dunn, Chas, Potter, Wm. B. Thorpe, Robt. H. 
Hussey, Oren 8. Robinson, H. B. Tower, A. B. 
ay Johnston, C. R. a Shaw, Geo. Twining, Wm. 8. 
« Lopez, D. H. = Snyder, J. W. Tyler, Chas. C. 
; Moulton, Wm. H. Starkweather, Wm. G, Wessinger, H. J. 


AS ASSOCIATES, 


Brooks, Thos. M. Marks, L. 8. Winther, C. A. G, 
, Challen, Paul J. Sechnuck, E. F. Wurts, Ed. V. 
Cooke, Harte Shepard, L. A. Woolson, Wm. D, 
Wallace, Jos. H. rok ASE 


PROMOTION TO FULL MEMBERSHIP. ed 

Albree, Chester Hall, Fredk. A. Huff, 8. W, 
Gorton, J. C. Mount, Wm. D. 

AS JUNIOR MEMBERS. aia 


Ashworth, A, K, Cheney, H. W. Lauder, Geo. B. 
Amsler, W. O. Heisler, F. Wm. Matthew, J. G- =. 
Bateman, E. L. Hill, John H. Morse, Chas. H, 


Boyer, Edwin S. = Hofmann, Alwin Schuttler, Carl 
Brinsmade, L. L. Koch, Chas. Fredk. Torrence, Henry, Jr. 
» a4 


Leonhard, T. 8. 


a At the close of the report of the Council the second order of 
_ business was the Report of the Finance Committee, which was 
as follows: 

For the fiscal year, 1896-97, the Finance Committee of the 
American Society of Mechanical Engineers would respectfully 
report to the Council and the Society the following statements | 
of the receipts and expenditures which have passed under their — 
direction on behalf of the Society during the year bogies : 
November 15, 1896, and ending November 15, 1897. 


ANNUAL REPORT OF THE FINANCE COMMITTEE OF THE 
SOCIETY OF MECHANICAL ENGINEERS, 1896-97. 
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Life Membership (cash). 300 00 
Conk on hand Great of 76 07 


Disbursements. 
General Printing and Stationery. ..........ccccccsescsecees $1,430 
Library, (Book Purchase, Binding, etc.)................... 198 
opie 
$28,385 31 


The receipts on account of life membership during this year ; 
were, as shown above, $300, which amount was paid by two 
men, one paying the entire amount for a life membership, $200, 
and the other $100 on account, the transaction being unfinished 
to date. 

Of the issue of bonds, in 1890, of the Mechanical Engineers’ 
Library Association, which amounted to $32,000, the Council of 
the Society, as Trustees, held November 15th, 1896, at the time 
of the last report of the Finance Committee, $21,600, and during 
the year 1896-97 the Council has acquired $1,800 additional 
bonds by purchase, thus making $23,400 so held by the Council, 


ill outstanding in the hands of 


| 
» 
- 
| 
= 
a 


NEW YORK MEETING. 15 


, At the time of this report there remains outstanding uncol- 


lected accounts due the Society as follows : 


138 members (less than 8 per cent. of the entire membership) owe for 
9 non-members owe for publications and electros (all recent accounts) 28 67 


| 


Of the 138 members owing this $3,539.85, three owe small 
amounts for publications, ete., only recently sent them, and of 
the remaining 135 members, personal letters have been written 
to 75, and circular letters sent to the rest, and letters have 
been received from 65 saying that they would remit shortly, 


extension of time to meet their indebtedness, which has been 
granted. This leaves only 70 persons out of a membership of 
1,799 who have failed either to pay their dues or write in 
repect to meeting the accounts against them this year. 

An indebtedness against the Society amounting to $3,200.60 
remains at this date, mainly in the form of an open account with 
the printers of the Society’s Transactions, and a part of which is 
chargeable to the expenses of the next fiscal year, which will be 
at once met from the collections for the year 1897-98. 

The Council would also present for record the following state- 
ment prepared and submitted on behalf of the 


MECHANICAL ENGINEERS’ LIBRARY ASSOCIATION. 


COPY OF THE ANNUAL REPORT OF THE TRUSTEES OF THE MECHANICAL 
ENGINEERS’ LIBRARY ASSOCIATION, 1896-1897. 
The summary of receipts and disbursements of the Trustees 
from November 16, 1896, to November 16, 1897, is appended. 


Ree-ipts. 
Balance on hand first of year, 1896-97 


| 


or by a fixed date, or else for valid reasons asking for an - 


Receipt, Pollowsbip Fund... $176 00 

Interest on Investment.............. 10 00 

Library (Duplicate Book sold)......... 4 00 

State Appropriation. 125 00 
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Disbursements. 


Interest on Mortgage 
‘** Bonds 


Light... COB 184 
Equipment (Furniture, Carpets, 
Laundry 
- Insurance and Safe Deposit 
Library, Binding and Book Purchase.................+- 
Repairs (Painting, Papering, 
Stationery and Printing 


Cash on hand to balance 262 ~— 


Total $6,556 54 


Assets. 
- House and lot, 12 W. 31st Street, New York City $65,000 00 
4 Furniture and Equipment 5,000 00 — 
Bills Receivable (Office and Room Rent, uncollected)... . 132 5 
4 (Subscriptions to Fellowship Fund, un- 
collected) 
(Subscriptions to Sinking Fund, uncol- 
lected) 


Second Mortgage held by Council of A. 8. M. E. as an 


: investment 23,400 00 


eh op $65,000 00 

. 

$15,847 50 

The only discussion which was presented in the line of these 

formal reports, was the question by a member as to whether 

_ the income was sufficient to keep the Library up to the standard 

a desirable, and the explanation by the Secretary that the real 

ae. growth in the Library, which kept it in its flourishing condition, 

__- was the continual inflow of transactions of societies and the best 


ve 140 00 
423 41 * 
285 00 
25 46 
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technical journals, which were received in exchange for the 
Transactions of the Society, and that, in this view, the present 
practice of the Library Trustees had been a conservative one in 
the matter of additions on the reference side of the Library. 


The report of the tellers appointed at the session of the 
previous evening was called for, and was read by the Secretary, 
as follows: 

Your committee appointed to count ballots cast for officers of 
the American Society of Mechgnical Engineers for the year 
1897-98 begs to submit the following report : 


thrown out on account of want of signatures.......... 48 
” ‘* signed with rubber stamps and hence thrown out..... 4 


Of this number there were cast : a Pa 


For Mr. Chas, Wallace Hunt, for President ................... 440 

David R. Fraser, for Vice-President 439 
‘Walter 8. Russel, for Vice-President... 442 
Jesse M. Smith, for 1 
« Wm. Wiles, for Vice-President... 1 
James B. Stanwood, for Manager.... . 442 
‘* George Richmond, for Manager............... ... 439 


en 
Pas count therefore shows that the entire ticket was elected. 


Respectfully submitted, 


GerorGE I. Rockwoon, | 


At the completion of this announcement the President called 

on Mr. Charles Wallace Hunt, President-elect, for a few words 


of greeting, to which request Mr. Hunt made fitting and brief 
reply. 


The next order of business was the report of Mr. Gus C. 
Henning, who had been delegated by the Council to represent 
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the Society and its Committee on Uniform Methods of Testing, | pL 
at the International Conference upon the general question of 
“Strength of Materials,” which had been convened at Stock- 
holm, Sweden. The Secretary reported that the Society had been 


made an official member of this conference by the payment of a 


small fee, whereby the Society was represented not only by a 
delegate, but by a vote on questions to be decided in this 
way. The report of the delegate was as follows: 


REPORT OF THE PROCEEDINGS OF THE SIXTH CONGRESS OF THE INTER- 
NATIONAL ASSOCIATION FOR TESTING MATERIALS, HELD AT 

STOCKHOLM, SWEDEN, AUGUST 23-25, 1897. o 
At the request of the Executive Committee, Prof. L. de Tet- 
majer, President, called the Congress to order in the Hall of the 
Knights, and in welcoming the members, three hundred and 
sixty-one of whom had arrived, with about seventy-five ladies, 
remarked that the international character had been fully sus. 
tained by the great number of countries represented, and called 
attention to the fact that the principal duty of the present meet- 
ing would be the discussion of plans for permanent organization, 
through which alone the aims and purposes of the Association 
could be achieved. 

Hereupon the President introduced the burgomaster of 
Stockholm, Dr. E. vonder Laucken, who tendered a_ hearty 
weleome on behalf of the Swedish people, pointing out that 
although Sweden was by no means as important in industrial 
enterprises as several other countries represented, it nevertheless 
took a deep interest in the work of the Congress. 

Acknowledging the hearty welcome tendered by the city of 
Stockholm through its burgomaster, the President at once pro- 
ceeded to business by submitting a part of the by-laws, as 
drawn up by the Executive Committee, necessary during the 
meetings of the Congress, as the whole matter would not be 
fully discussed until the last day. 

The matter first to be settled was the procedure to be fol- 
lowed during the sessions and the method of voting. 

After a protracted discussion of the subject, it was decided 
unanimously that the method heretofore used at previous con- 
gresses be adhered to, viz.: that each member present should 
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have but one vote. The definitive method would take effect at 
the next Congress, to be held at Paris. 

Contrary to previous custom, the business of this Congress 
would be carried on in general as well as sectional meetings. 

Sec. L Relating to metals. 

See. IL. Natural and artificial building stone and their bond 

materials. 

See. III. Other industrial materials. ; 

The sectional bureaus were determined by each section . 
presence of a member of Council, who opens the proceedings. 

It was then announced by the President that Mr. A. Carnot, 
Inspector-General of Mines of France, had presented a yolumi- 
nous, most valuable work on “ Chemical-Analytic Methods of 
Examinations of Iron,” which would be fully reported in the 


official organ of the Association. 

Two other papers were received after the programmes had 
heen printed - 

One by Prof. A. Retjé, of Budapest, on “ Internal Friction of 
Solids as an Absolute Property, and the Formule Derived 
therefrom Relating to Tension and Compression Diagrams,” 
and one by Dr. W. Michaelis, of Berlin, on the “ Process of 
Setting of Bond Materials Containing Lime.” 

It was also announced that Prof. A. Wahlberg would present 
the paper on “The Development of Structural Materials and 
Methods of Testing Them in Sweden,” because of the sudden 
death of the Director of the Jernkontoret, Mr. Dellwik. 

The following honorable presidents were then declared elected 
after proper nominations: Belgium, A. Greiner, General Mana- 
ger, Seraing; Denmark, H. J. Hannover, Professor Royal Tech- 
nical High School, Copenhagen ; Austria, W. Ast, Director of 
Construction, Northern Railway, Vienna; England, Bennet H. 
Brough, General Secretary Iron and Steel Institute, London ; 
France, E. Polonceau, Chief Engineer, Paris-Orleans Railway, 
Paris; Germany, Dir. Peters, German Engineers’ Association, 
Berlin ; Holland, H. Baucké, Engineer, Amsterdam ; Hungary, C. 
Banovits, Director Hungarian State Railways, Budapest; Italy, 
St. Fadda, Engineer, Turin; Luxemburg, A. Dutreux, Engineer, 
Luxemburg ; Norway, H. Krag, Director of Department Roads, 
Christiania ; Portugal, J. V. Mendes-Guerreiro, Engineer, Lis- 
bon; Russia, Prof. N. Belelubski, St. Petersburg; Sweden, 
R. Akerman, Stockholm ; Switzerland, A. Schraff, Chief Engi- 
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neer, St. Gotthard Railway, Lucerne ; Spain, A. Mayandia, Chief 
of Battalion of Engineers, Saragossa; United States of North 
America, Gus C. Henning, Engineer, New York. 

It was further announced that Prof. J. Wyckander and Chief 
Engineer Silversparre had, by order of the Jernkontoret, pre- 
pared a paper on “Tests of Resistance of Swedish Materials,” 
from materials in its archives, which had been printed and dedi- 
cated to the Congress. 

This work contains, in a comprehensive and concise form, 
most valuable information on all the many investigations made 
by the Jernkontoret on Swedish iron and steels, and gives a most 
clear and complete knowledge of those materials for which Swe- 
den is so justly famed. It contains a comparison of records, 
heretofore only partially published, and is a valuable addition 
to the literature of steel. 

After a short intermission Mr. F. Osmond took the floor to 
read his paper on “ Microscopy of Metals Considered as a Method 
of Test,” which was fully illustrated by colored lantern slides. 

The author, upon concluding, was rewarded with tumultuous 
applause for not only the admirable subject matter, but also the 
perfectly successful arrangements made, by which alone such a 
paper could be properly presented to an audience. 

After receiving the thanks of the President the discussion was 
opened by myself, thanking the author for his clear and concise 
presentation of the subject indicating new methods of test. I 
pointed out particularly that the methods will permit to learn to 
know the internal constitution of metals and their alloys, and 
which will have, more than any others, a fruitful influence on 
industry and technical sciences. 

This paper by Mr. Osmond is of such importance that it will 
be well to point out its main points. 


Chemical analysis, although determining the quantity of com- 
ponent elements in a body, does not define the manner, system, 
or arrangement of molecules. Metallography investigates the 
latter, and is divided into three divisions : 

1. Determination of component parts ; or, anatomical metallog- 
raphy. 

2. Determination of composition, form, and dimensions of 
component parts; or, biological metallography. 

3. Study of defective treatment of the materials and effoct of 
admixtures having special influence on quality and properties ; 
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or, pathological metallography. Color and light are pointed 
out as important characteristics in composition, as well as 
changes due to treatment in a certain manner. 

Under each of these heads the author gives notable instances, 
showing micrographs of cement steel, silver ; forged steel, etched 
with NO,H and H,SO,; alloys of gold and aluminum, and 
copper and silver; forged steel, annealed, and heated and 
queriched at given temperature ; 11 per cent. Sn bronzes cast 
in ingots; the same heated to oxidation, cooled in ingots, as 
well as in sand; the latter* reheated to oxidation; the same 
quenched at red heat; alloys of Au and Bi treated variously, 
similar to above, and many others. 

The remarkable and clearly defined results are beautifully 
shown, and although the author does not directly state that 
“microscopy is a method of test which is reliable,” he leaves 
upon his hearers or readers but one well-defined impression, 
viz. : that such is the conclusion to be drawn from his researches. 

Before proceeding to the next business, it was announced that 
the entire Council of the Iron and Steel Institute and other 
English metallurgists, thirty in all, had just been declared 
elected to membership in the Association. The next subject 
taken up for discussion was the proposition : “ Ways and means 
are to be sought to introduce uniform specification and methods 
of inspection of iron and steels of all kinds.” 

This was discussed by Mr. E. Schroedter, of Diisseldorf, and 
also in two important papers: one by Director Ast, of Vienna, 
the other by Engineer Barba, of Paris. The outcome of the dis- 
cussion was the opinion that the result of the proposition was 
practicable and obtainable. 

Dr. H. Wedding, of Berlin, next addressed the Congress on 
“The Possibility of Establishing an International Sidero-chem- 
ical Laboratory.” The speaker dwelt upon the main objects of 
such a laboratory, viz. : the thorough comparison and determina- 
tion of degree of accuracy of current methods of analyses of 
iron, and enunciation of those which are to be used in case 
of dispute. He points out the purely scientific character of the 
proposed laboratory, and the exclusion of all technical-com- 
mercial control analyses for third parties. As $3,666 had 
already been subscribed, a beginning could be made with such 
laboratory, although it could not be equipped completely or its 
continued existence assured. 
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Section I. (metals) was organized as follows: 

Ilmorary Presidents: Professor Kick, Vienna, and Chief 
Building Councillor Wichert, Berlin 

Chairman: Councillor v. Borries, Hanover. 

Vice-Chairmen: Engineer Roussel, of Malines, Belgium, and 
Engineer Henning, of New York. 

Secretarves Guérard, of Paris, and Schwerdt, of Munich. 

This section discussed in a thorough manner the propositions 
of an international sidero-chemical laboratory, of standard speci- 
fications for quality and inspection of iron and steels, methods 
of determining extension of ductile materials, standard methods 
of testing rust-preventing coatings. 

Engineer Schwerdt, of Munich, described a new method of 
determining hardness of metals; Professor Retjo, Budapest, 
exhibited a microphotographie apparatus; Gus C. Henning, 
New York, showed and deseribed his pocket recorder for stress- 
strain diagrams; Engineer Wallin, Gothenburg, exhibited a 
evlindrical slide-rule. 

Section II. (stone and bond materials) was organized as 
follows : 


Honorary Presidents : General Choulatschenko, St. Petersburg, 
and Engineer Segré, of the Adriatic lines, Ancona. 

Chatrman: Engineer Guerard, Chief Engineer Port of Mar- 
seilles. 

Viee-Chairmen: H. Fleiner, Aarau, and Prof. A. Wahlberg, 
of Stockholm. 

Secretaries : Caudlot, of Paris, and Professor Steuberg, of Chris- 


tiania. 

The subjects discussed were the following: “Study of the 
Relation of Chemical Composition and Weathering Qualities of 
Natural Building Stone ” ; report of pipe tests, by Max Gary, of 
Jerlin; “ On the Hardening Process of Caleareous Bond Mate- 
rials,” by Dr. Michaelis, Berlin ; “On the Determination of Qual- 
ity of Hydraulic Bond Materials,” by Director Mever, of Mabl- 
statt; “On Irregularities in the Time of Setting of a Cement,” 
by Dr. Eurich, Carlstadt ; “ Contribution to the Solution of the 
Problem of the Standard Consistency of the Standard Mortar” 
“Determination of those Conditions by which Approximately 
Similar Densities may be Obtained in Tension and Compression 
Samples,” by Professor Tetmajer, of Zurich, and Engineer Greil, 
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After further discussion of the proposed by-laws, Captain O. 
M. Carter, Engineer Corps, U. 8. A., was elected member of 
Council, as well as Mr. Bennet H. Brough, General Secretary 
of the Iron and Steel Institute of Great Britain. 


This report required no action, but was ordered to be incor- 
porated into the records, and the President thereupon called 
again upon Mr. Henning for the report upon the special order 
for this morning. The first was upon the work of the Commit- 
tee on Standard Tests, which was presented by Mr. Henning as 
a report of progress, as follows : 

Mr. Gus €. Henning.—There has been now obtained some 
definite information to supplement Mr. Keep’s admirable paper, 
presented at the Detroit meeting, upon the “Cooling Curves of 
Metals,” and published in the Society’s Transactions, vol. xvi., 
page 1117. It was there stated that the cast iron expanded 
during cooling, in a proportion which was practically that of 
the content of carbon in the material. In connection with these 
a curve was also given, showing a piece of rail steel which 
showed an irregularity in its curve, which could not be strictly 
defined as a cooling curve, or as an expansion of the steel 
during the process of cooling. Since that time Mr. Victor E. 
Edwards, Mechanical Engineer of the Morgan Construction 
Company, has kindly volunteered to make some observations in 
the steel works for me, and | now have from him a letter which 
proves conclusively that every piece of steel as it comes from 
the rolls expands during the cooling process just as cast iron 
does. This was measured on rods three-eighths of an inch in 
diameter. These rods were 250 to 255 feet long. Eleven dif- 
ferent investigations were made, and as the rods could not be 
clamped at one end, because they would buckle if they were 
forced to expand in one direction, they were allowed to expand 
in both directions, and the extension measured at each end and 
added together. The total of these expansions of rods varied 
from 3} to 4} inches. The average of these eleven examinations 
showed that the extension of these 250-feet rods was 3!! inches, 
and there was no case in which there was not a marked expan- 
sion during cooling. So we have confirmation of the work done 
by this autographic recording apparatus of Mr. Keep’s to show 
that the metal does expand during cooling. This verifies the 
curve on cooling of steel, and as soon as the laboratories at 
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Columbia University are in running order again, the furnace, | 


which has been paid for by some generous members of the 


Society, will be called into play and careful investigations made 7 


of steels of different carbon under the effect of heat, both rising 
and falling, to determine the exact amount of expansion and 
contraction of parts during heating and cooling, to complete the 
work of the Committee. 

Passing now to the special order, which was referred to this 
meeting by the Society at its Hartford convention (vol. xviil., p. 


652), the meeting then took up the question of the desirability of | 


establishing uniform specifications and methods of inspection of 
metals. Mr. Henning recapitulated the subject as follows : 

“At the Zurich Conference on Unification of Testing Mate- 
rials in 1895, a paper on ‘ The Desirability of Establishing Uni- 
form Specifications and Methods of Inspection of Metals’ was 
presented by Mr. E. Schroedter (Secretary of the Verein der 
Ingenieuren and Eisenhuettenleute), and the concluding recom- 
mendations were, upon motion, referred to the Council for con- 
sideration and action. 

“Tn accordance therewith the Council, at a meeting held in 


Vienna last year, decided to take up the matter, and appointed 


a Committee to take action on the subject. 

“In February, 1897, I received a letter * from the well-known 
and famous engineer of Le Creusot, Mr. J. Barba, advising me 
that he, as Vice-President of such Committ<e, asked me to name 
members of a Sub-Committee to be formed in the United States 
to take up the subject conjointly with the European Committees, 
and requested that I act on said Committee. When I referred 
the matter to our ex-President, Capt. R. W. Hunt, he sent the 
following answer,* in view of which I herewith present the 
matter for discussion at this time. 

“The object is to suggest standard specifications for quality 
and for inspection of all metals used in engineering, and in such 
a manner that any new developments in metallurgy or fabrica- 
tion will not be hindered, and on the other hand to define mate- 
rials in such a precise manner that proper materials may be 
obtained for each distinct purpose; such as boilers, engines, 
bridges, wire (telegraph, trolley, telephone, piano, cables, ropes, 
suspension bridges, various), railways, axles, tires, guns, bi- 
cycles, ete., ete.” 


* See letter appended hereto. 
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The correspondence referred to above is appended : 


(Translation of Mr. J. Barba’s letter.) a 


Paris, February 5, 1897. 

My Dear Srm: You know that we are about to organize an International 
Commission, under the presidency of Mr. Ast, Managing Director of the Northern 
Railroad, Ferdinand, Vienna, Austria, to study the steps to be taken to establish 
international uniform rules for determining the quality and inspection of all 
kinds of iron and steel. 

I have been honored by the nomination of Vice-President, and I have been 
asked with Mr. Ast to propose to the directing committee three or four persons 
from each of the-principal nations, these persons to constitute said commission. 
I have already named the persons for France. I thought that you would kindly 
choose several able, willing persons in the United States who would assist us at 
the same time with yourself. 

If you will kindly accept my proposition, I would be under obligations to you 
to name the three or four persons on whom we could count. 

Receive, my dear sir, the assurance of my best sentiments. 


rise (Signed) J. BARBA, 39 Rue Mozart. 


Gus C. Henning, Esq., No.5 Beekman Street, New York. 
My Dear Str: I beg to acknowledge yours of the 8th inst., and thank you 
for the compliment therein expressed. 

I fully appreciate the importance of the work outlined, and its weight makes 
it imperative that the subject should not be treated other than in a serious 
manner. 

Personally, my many engagements in all sorts of directions render it unfit that 
I should try to serve on the proposed committee. While we have many Ameri- 
can engineers who could render good service in the cause, it is hard to find those 
who are willing or can devote the necessary time to it. Hence it would seem as 
though it would be better if they could be selected from men who, while possess. 
ing knowledge gained from practical experience, are not disturbed by or depen- 
dent upon current business engagements. Of course we realize that there will 
come objections to ‘‘ Professors,” but at the same time I am not certain that they 
are not the class of people who can best serve in a cause of this kind, particu- 
larly if they have been in touch with manufacturing progress and interests. 

Assuring you that it will give me pleasure to assist you in this matter, and, if 
it should not be too late, that we will have an opportunity of discussing it at the 
coming Hartford meeting of the A. 8. M. E., 

I remain, yours truly, 
Ropert W. Hunt, 

After reading the report and the letters appended to it, Mr. 
Henning spoke further as follows : 

“ At the Stockholm Congress both Mr. Ast and Mr. Barba pre- 
sented papers on the subject, and it was pointed out that the 


German engineers and metallurgists had already agreed on 
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standard specifications and methods of testing material for bridge, 
structural, boiler, and machinery purposes. In fact, there are 
very few classes of steel now, except the high-carbon steels, 
which are not classified under the standard specifications, 
and it has simplified the work in the steel works to a very _ 
material degree, avoids complications, and makes the inspection | 
and acceptance of material very much more simple, at the same 
time making the material more reliable. I must point out, 
however, that in Germany especially there is hardly more than 
a single process for making steel in use, while in our country 
there are a great many, although at the present time the basic 
process is being introduced so rapidly that it is a question 


whether in a few years we will not have practically the same 
conditions ; that is, that our steel, although obtained from dif- 
ferent materials, will all be produced by the same process. In 


this case it would be very simple to provide standard specitica- 
tions, bécause steel is fundamentally the same, and becomes dif- 
ferent through the operations of the metallurgist. The opinion — 
expressed at the Stockholm Congress was this: That there— 
would be no material difficulty in establishing standard specifti- 
eations, not only for the quality of the steel, but also for the 
method of inspecting it at the mills. Of course it is always © 
assumed that the material will be inspected at the mills and not | 
at any time after it has left, when it could not be identified, and 
for other reasons. 

“Of course I must say that the members attending the Con- 
gress were not all of them familiar with the actual metallurgi- 
eal conditions in the United States. But another thing has 
come to interfere in the solution of the question, and that is 
this: That the International Association has found it necessary 
to change its methods of procedure in organizing the national 
sections of the Association, and the American section, which is" 
to be formed, has been requested to organize so as to keep in 
touch, because of the difficulty of communicating by letter, and 
then afterwards disseminating these communications to each 
individual. Until such time as this Association or its branch 
or section shall have been organized, no committee can be 
named to take the action that Mr. Barba proposes in his letter, 
and of course I myself could not act as the organ of the Ameri- 
ean section. At the same time, as this work will be taken in 
hand in a very short while (the organization will certainly be 
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effected during the winter), practical results will be reached, 
and I think, in view of the fact that so much work has been done 
abroad in this direction, it would be well for the Mechanical Engi- 
neers’ Society to express an opinion on the advisability of assist- 
ing a committee, which is to be named by the American section 
of the International Association on Testing Materials, in order to 
advance by word and act the interests of unification of standard 
specifications as much as lies in its power. I am quite convinced 
that simplification of specifications will help considerably to 
cheapen materials, because it will, in the first place, lessen the 
kinds of material that will be called for, and although working 
under different processes, the results will undoubtedly be very 
satisfactory in establishing certain grades of material, so that 
when one grade or another is called for, it is known that the 
product sent will be the correct thing. If other grades are made 
intermediate between these, that remains with the engineer to 
accept or to reject, or for the steel works not to put them on the 
market, because there is something wrong if they do not get the 
kind of steel that they tried to get. In view of all this, I think 
it would be advisable for the Mechanical Engineers to take 
action in this matter, and certainly to express an opinion on the 
subject.” 

The President.—1 see several members present who must have 
strong opinions on such a subject as this. I hope Mr. Charles H. 
Morgan will give us the result of his observation and experience. 

Mr. Charles IT. Morgan.—1 do not think, sir, that I have given 
sufficient thought to this matter to express an opinion just 
now, and IT hope I may be excused. 

Tie President.—The list still remains large. I see Professor 
Thurston. 

Prof. P. IT. Thurston.—1 do not know that there is much that 
[wish to say or much that I ought to say. The field is one 
that I have been out of now for so long atime that I feel almost 
entirely unfamiliar with it. But the work is exceedingly im- 
portant. It is also exceedingly important that this Society 
should be represented by those of its members who have made 
a special study of this branch of engineering. We have quite a 
number who have given many years of their life to study and 
experiment in this field, and I am very sure that a committee 
could be made up, appointed by the President, if you choose, 
which would represent the Society well, and which would 
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secure for it all of the results of the work of what is becoming 
an important international association. There are very few 
= subjects within our purview that are more important than the 
determination of means, the finding of ways, of securing the 
best of material and the best of tests of our material, and it 
ean only be done through prolonged scientific research—re- 
‘search carried on by men who are experts—not simply in 
knowledge of working material, but in the methods of testing 
material; men who handle their work in the laboratory with [ 
the same ease and familiarity that others exhibit when they 
_ deal with their work in manufacturing. Our representatives 
_ should be men who have had experience in the mills in which 
the materials of engineering are produced, and who, at the same 
time, have made themselves familiar with the most scientific 

methods of making chemical, physical, and mechanical tests of 
all classes of materials. We can certfinly have a good repre- 
- sentation there, but I think that time should be taken by the 
presiding officer, or whoever may appoint this committee, to 
see that he secures the best men in the Society, and to convince 
them that it is for them a duty to represent the Society on such 
a committee. 
The President—Is it your pleasure, gentlemen, that a com- 

- mittee should be appointed, in accordance with the suggestions 
- made by Messrs. Henning and Thurston, to confer with the 
a International Committee, with a view to securing to our Society 
_ all the benefits of their work? 
Such a motion was duly put and carried, that the chairman 
_ should appoint a committee. 


The chair announced that this was the time allotted for the 
_ presentation of the draft of a report of the committee ap- 
i pointed at the Detroit meeting, June 26, 1895 (vol. xvi., page 
645), to consider the wisdom of revising the code proposed in 
1885 for the conduct of boiler trials. The discussion of this 
report, which was submitted by Mr. William Kent on behalf of 
the committee, was made a feature of two of the sessions. At 
this morning’s session Messrs. Webb, Hale, Carpenter, Rock- 
wood, Dean, Randolph, Gale, Hartness, and Thurston took part. 
In deference to the views of others, who were unable to be 
present at this morning’ s session, the discussion was to be con- 
tinued on the evening of Thursday. 
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A request was presented from Messrs. E. M. Herr, W. Hz 
Marshall, and C. H. Querean, as follows: 


NorTHERN PacrFic RAILWAY COMPANY, 


St. Paut, Mrnn., Nov. 16, 1897. 
Subject: Lack of Uniformity in Sizes of Pipe Unions, ete. 


SECRETARY AMERICAN SOCIETY MECHANICAL ENGINEERS, 
12 West Tuirty-First STREET, NEW York. 


Dear Sir: The attention of the American Society of Mechanical Engineers is 
directed to the lack of uniformity in the sizes of pipe fittings manufactured by 
different makers in various parts of this country. 

This has been brought forcibly to the attention of the undersigned, and others 
interested in the mechanical department of railway work, by the trouble, delay, 
and consequent expense caused by pipe unions, purchased from different dealers 
for the same purpose, not being interchangeable. The same also is true of pipe 
threads themselves, although the lack of uniformity is not so great. 

This subject has been deemed of sufficient importance by the American Rail- 
way Master Mechanics’ Association and Master Car Builders’ Association for the 
appointment of a joint committee on this and the related subject of standards for 
square bolt heads and nuts. 

Inasmuch as the desired uniformity can only be secured by concerted action of 
the large purchasers and consumers of bolts and nuts, pipe and fittings, and 
those engaged in their manufacture, it would seem desirable that the American 
Society of Mechanical Engineers should, at the next meeting, appoint a committee 
to consider these subjects, confer with the committees of the railway associa- 
tions, and endeavor to secure the appointment of a committee representing the 
manufacturers, with the object of securing the desired uniformity. 

As an example of the present condition of affairs, the diameter and number of 
threads on union nuts of one-inch pipe fittings, made by seven different manufac- 
turers, are ih below : 

Diameter of Threads, 
2.000 inches, 
1.875 
2.000 
1.97 
1.875 
1.8906 

2.1718 

Yours very truly, 


‘The Secretary added that, on receipt of the communication, he 
had written to Mr. Geo. M. Bond, who had been the reporter 
for the previous Committee on Standard Threads for Pipes, and 
that Mr. Bond had stated that the question of the threads of 


these pipe union fittings had not been considered, so that it came 
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up as a new question, which might properly be considered by 
that same committee, if thought desirable. Oh of 

Mr. Dean presented the following resolution: 

Resolved, That the American Society of Mechanical Engineers, having received 
and considered the suggestion of Messrs. E. M. Herr, W. H. Marshall and C. H. 
Quereau on the subject of securing uniformity in the threads of coupling unions 
for pipe, approve of the suggestion that the Society should appoint a committee 
to consider this question in joint conference with similar committees of the Amer- 
ican Railway Master Mechanics’ and the Master Car Builders’ Associations, and — 
refer the appointment of such committee to the Council, with power. 


This was amended by Mr. Henning by the suggestion that the. 
matter should be referred by the President and Council to the 
same committee who had considered the subject of standard | 
pipe threads, if they were willing toact. This amendment was | 
accepted by Mr. Dean, and in the discussion the following re- 
marks were presented : 

Mr. John J. Hoppes.—I understood the gentleman to read_ 
standardizing of the threads of the unions. Do I understand | 
that the gentleman referred to the standardizing of the unions — 
themselves ? 

Mr. Lewis H. Nash.—In relation to the water-meter busi-_ 
ness, in which we are engaged, we have found quite considerable 
difficulty in making our connections so that they would fit all 
sorts of plumbers’ supplies, and in order to accomplish that we 
got from the standard makers a large number of samples, and 


took the average size of those samples, but even then there was 
such a wide variation in the sizes of threads that we often have 
reports that our fittings are not the proper size. So I feel very 
much interested in regard toastandard. But it occurred to me 


that possibly it would be well for us to have some communica- 
tion with the plumbers’ supply people, as, if unions are to be 
used universally, steam fitters and the plumbers are the largest 
users of all such material, and I know there has been a number 
of attempts by manufacturers to come to some conclusion as to 
what sizes they would use for pipe fittings. It seems to me that 
the more extensively we consult large users, the more likely we 
will be to adopt a standard that will give universal satisfaction. 

Mr. Stanley G. Flagg.—We are manufacturers of the article 
which I imagine is in question—that is, malleable iron pipe 
unions. The matters referred to were taken up, I think, about 
five years ago by the mechanical engineers of the Pennsylvania 
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Railroad Company. They went very exhaustively into standard 
dimensions of this coupling nut, which slips over the swivel; 
they also went fully into dimensions for all such fittings used in 
similar work, and submitted their schedule to us for inspection. 
We took ~p the matter very carefully, consulting with them, and 
after possibly a year or so the matter was dropped. 

The dimensions given in that letter which was quoted will 
show the experience of almost every one. I imagine their 
figures to refer to the threads in the coupling nut, and I know 
the lengths of these pieces vary with different makers. The 
Westinghouse Air Brake Company have a standard of their own 
for this piece, and the subject, if taken up, would be quite a large 
one. 

Regarding such changes as would be necessary to standardize 
them, you must bear in mind that it would occasion many 
changes in special tools with which every maker is provided, 
and its accomplishment would be a consummation to be wished 
for by all those handling sach goods, and it is a matter, I am 
sure, which would have to be gone in‘o quite carefully, and not 
more than five, or possibly seven, makers of these goods would 
have to be dealt with. From a theoretical standpoint, no doubt 
they would all agree with this association. Whether it would 
be possible to put this into practical operation, of course, is 
something none of us know until we would try. 

In its amended form, after this discussion, the motion was 
earricd. 

Professional papers were then taken up. . 

The papers by Messrs. W. W. Christie and by F. W. Dean — 
were entitled, respectively, “Classification of Data and Plotted - 
Results.” “ Reduction of Cost of Steam Power from 1870 to _ 
1897." The debate upon them was conducted by Messrs. Stir- — 
ling, Rockwood, 


Rando} ph. ou 


Sessron. THurspay Morninc, DECEMBER 2D. 


The session was called to order at ten o’clock, and the follow- 
ing papers were presented: By Prof. R. C. Carpenter, entitled — * 
“Tests of Centrifugal Pump and ‘Calibration of \“ sir at the 
Bridgeport Pumping Station, Chicago”; by Mr. Howard Still- 
man, entitled “A Water-purifying Plant”; by Prof. R. H. 
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Thurston, entitled “ Multiple-cylinder Engine: Effects of Varia- 
tion of Proportions and Variable Loads”; by Mr. W. 8S. Al- | 
drich, entitled ‘‘ Notes on Rating Electric Power Plants on the © 5 
Heat-unit Standard,’ and by Mr. William S. Keep, entitled t= 
“Cast Iron Under Impact.” _~¢ 

The debate at this session was participated in by Messrs. 
Thurston, Kent, McElroy, Suplee, Cary, Randolph, Trump, © 
Greene, Rockwood, Durfee, Henning, Newcomb, Hawkins, Ball, 
Gale, Barr, West, and Kneass. 


é 
FourtH Session. TxHurspay EvENING, DECEMBER 2D. 4 
s 


The papers allotted for this evening included the following: - 
By Mr. John B. Mayo, entitled “A Strength of Gear Chart”; by , 
Mr. David Guelbaum, entitled “ A Law of Hydraulic Obstrue- % 
tion of Flow in Pipes”; by Mr. George Richmond, entitled — 
“Thermodynamics Without the Calculus” ; by Mr. H. M. Norris, » 
entitled “ An Accurate Cost-keeping System”; by Mr. Charles T. ‘ 
Main, entitled “The Valuation of Textile Manufacturing Prop- 
erty’; by Mr. W. B. Smith Whaley, entitled “ Electricity in Cot- 
ton Mills”; by Mr. James Hartness, entitled ‘Screw Die for the 
Turret Lathe” and “Stay-bolt Threading Device”; together 
with a discussion, postponed from Wednesday morning, upon the 
proposed revision of the code of boiler tests. In consequence of 
the interest attaching to the discussion of the boiler code, only 
the papers of Messrs. Mayo and Guelbaum were read, and the 
discussion on the boiler code was introduced by Mr. Charles E. 
Emery, who was followed by Messrs. Stirling, Jacobus, Kent, 
Gale, Henning, Whitham, Cary, Manning, Ashworth, Hawkins, 
and Kent. 


The President took occasion to allude in genial terms to the 
fact that for many years he, in common with other members of 
the Society visiting New York City, had been receiving the 
hospitality tendered to the membership on the occasion of the 
annual reception held in New York City during the recurring 
annual meetings, without appreciating that in so doing he was 
accepting, as were all the members, a personal courtesy ex- 
tended to the visiting members by the residents of New York 
City. He thereupon called on Mr. Oberlin Smith to present a 
resolution which he had drafted, which was done in the follow- 
ing terms: 
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vention are due, and are hereby tendered, to the New York members of the 
Society for their generous hospitality in entertaining their guests at the general 
reception held last evening. 


» 


Resolved, That the heartfelt thanks of the members in attendance at this i 


Mr. C. J. H. Woodbury.—In rising to second this resolution a 
want to say that it has always seemed to me that members of 
the Society are now, and have always been, deeply grateful to 
the New York members of the Society for the perennial spring 
of hospitality which we have always found flowing in the late 
autumn for our annual meeting. We non-residents may be like 
the little lad who was reproached for not thanking a generous 
lady for her gift of candy, who replied that he did thank her, but 
he had not told her so. It may be that we have not always told 
the New York members of our thanks, and it seems to me a 
very proper action to spread a resolution of this sort upon the 
records of our Society. 

Fitting and humorous remarks were made by Messrs. Ash- 
worth and Oberlin Smith, and, on motion, the resolution was 
adopted. 


The President called on Mr. C. J. H. Woodbury, who had 
been appointed a delegate to represent the Society at the 
National Conference which had been summoned to consider the 
preparation of rules and requirements for the installation of 
apparatus and wiring for electric light, heat, and power. He ex- 
plained that the Society had tendered to this Conference the use 
of its rooms for their meetings, and that a ballot letter of recog- 
nition had been received and filed from Mr. William J. Ham- 
mer, the President of the Conference. Mr. C. J. H. Woodbury 
had been chosen the Secretary of the Conierence, as well as 
representing the Society in its deliberation. Mr. Woodbury’s 
report was as follows: 


REPORT OF DELEGATE TO THE NATIONAL CONFERENCE ON 
STANDARD ELECTRICAL RULES. 


Boston, Mass., October 1, 1897. 


TO THE PRESIDENT AND COUNCIL OF THE AMERICAN SocreTy OF MECHANI- 
CAL ENGINEERS. 
Gentlemen : In accordance with the vote of the Council : 
On motion resolved, ‘‘ That the American Society of Mechanical Engineers 
takes pleasure in accepting the invitation from the National Conference on 
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Standard Electrical Rules, and until further action will send a delegate to future 
meetings of the Conference ;”’ 

Resolved ; ‘‘ That Mr. C. J. H. Woodbury, of Boston, past Vice-President of 
this Society, be appointed the delegate of this Society to the National Confer-— 
ence on Standard Electrical Rules, until further action by the Council.” _ 


The Conference included representatives from the following bodies : 


eG: American Society of Mechanical Engineers, 


American Institute of Electrical Engineers, 
American Street Railway Association, : 
Associated Factory Mutual Fire Insurance Companies, 
National Association of Fire Engineers, 


National Board of Fire Underwriters, 
National Electric Light Association, 
Underwriters’ National Electric Association, | 
National Board of Fire Underwriters, 
American Institute of Architects, 
International Fire Chiefs’ Association, 
American Bell Telephone Company, 

Western Union Telegraph Company, — 
Postal Telegraph Company, 

General Electric Company, 


and held a meeting in the Hall of the American Society of Mechanical Engineers 
on March 18-19, 1895, at which William J. Hammer was elected President ; C. 
J. H. Woodbury, Secretary. 

The two days were occupied in a critical discussion of electrical rules, and a 
record of the conclusions taken and submitted to the following Code Committee: 


F. B. Crocker, Chairman, American Institute Electrical Engineers, 


William Brophy, \ National Light Association. 
National Association of Fire Underwriters. 
7 E. A. Fitzgerald, Underwriters’ National Electric Association. _ 
7 William R. Ford, American Street Railway Association. 
E. V. French, Factory Mutual Fire Insurance Companies. 
W. H. Merrill, National Board of Fire Underwriters. bare * 


Alfred Stone, American Institute of Architects. 


W. J. Hammer, President of the Conference, ex-officio. 7 am 1) © 

Copies of existing rules were printed in parallel columns, and four hundred 

and seventy-five copies sent to interested parties, with a communication from the 
Secretary asking for further comments and suggestions. 

The replies were submitted to the Committee on Code, who held numerous 
meetings, and the result of their labors accepted by the members of the Confer- 
ence on a letter ballot without reassembling of the body. 

The Electrical Committee of the National Board of Fire Underwriters have 
accepted the suggestions in the identical form in which the rules are now issued by 
that body under the title of the ‘‘ National Electrical Code,” edition of 1897, and 
the code has also been accepted by those of the bodies constituting that organiza- 
tion who have held meetings at which action could have been taken ou the subject. 

In its present form it represents a consensus of opinion by those broadly in- 
terested in every department of the subject, and its adoption by the under- 
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writers and other organizations has accomplished the desired purpose of the 
unification of rules upon the subject of installation and maintenance of electrical — 
plant. 

A copy of the rules is submitted herewith, and forms a part of this report. 


Respectfully submitted, 
Cc. J. H. Woopsvury, 
Delegate from the A. S. M. E. 


At the conclusion of the report Mr. H. IH. Suplee presented 


the following resolutions, which were adopted. The Standard _ 
a Rules will be made an appendix to the papers of the meeting : 
_ Resolved, That the American Society of Mechanical Engineers have listened 
with interest to the report of its delegate to the National Conference on Standard 
Electrical Rules, and his report concerning the National Electrical Code of ales 
7 and requirements for installation of apparatus and wiring for electric light, heat, 
and power. 

; Resolved, That the American Society of Mechanical Engineers, pursuant to its 
approved policy in technical matters such as are concerned in the report of its 
delegate, accept the report of the Committee of the National Conference, which 

has been presented to the Society by Mr. Woodbury, and direct that the rules 

and requirements recommended be printed as one of the papers of this meeting 


and incorporated into the volume of 7ransactions, and the use of these rules be 
recommended to the membership of this Society. . 1 44 


4 
Session. Fripay, DECEMBER 3p. | 


The papers for the morning included certain ones which had 
been omitted from the regular programme of the previous even- 
ing, by reason of the interest attaching to the discussion on the 
revision of the code of boiler trials, and included the following 
papers: By Ms. George W. Dickie, entitled “ Auxiliary Engines 
and Machinery for Naval Vessels”; by Mr. George W. Bissell, 
entitled “ A Boiler Setting”; by Mr. H. M. Norris, entitled “ An 
Accurate Cost-keeping System”; by Mr. George Richmond, 
entitled “Thermodynamics Without the Caleulus”; by Mr. 
Charles T. Main, entitled “The Valuation of Textile Manufac- 
turing Property ” ; by Mr. James Hartness, entitled “Screw Die 
for the Turret Lathe ” and “Stay-bolt Threading Device” ; by 
M2. C. J. H. Woodbury, entitled “ Dustless Buildings” ; by Mr. 
Andrew Fletcher, entitled “ The Stevens Valve. Gear for Marine 
Engines” ; by Mr. E. H. Mumford, entitled “ Machine Moulding 
Without Stripping Plates”; by Mr. W. B. Smith Whaley, en- 
titled “ Electricity in Cotton Mills” ; by Mr. A. L. Rice, entitled 
“Convenient Form of Wire Testing Machine.” The discussions 
were presented by Messrs. Suplee, Halsey, Rogers, Oberlin 
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Smith, Randolph, Cary, C. W. Hunt, Kent, Rockwood, Wood- 
bury, Henning, Gale, Archer, Pomeroy, Kafer, Fletcher, Comly, 
Winship, and Main. 

At the conclusion of the last paper the President made grace- 
ful allusion to the courtesies which he had received from the 
members, and expressed the pleasure and grateful memories 

4 which he would take with him as a recollection of the treatment 
which he had received at the hands of the Society and its 
officers. 

The Secretary made mention of the probable occurrence of 

next meeting of the Society at Niagara Falls, beginning 
May 31st. Thereupon the President, on motion, announced 
the meeting adjourned. 
= The custom was followed at this meeting which has been the 
ee of several previous years, that at the close of the 
morning session on Wednesday and Thursday a luncheon was 
served to the members who were in attendance, and who were 
by this expedient beguiled into remaining during the unassigned 
hours of the afternoon for conference with each other, and for 
the discussion of informal questions presented outside of the 
regular routine of the meeting. No papers were assigned nor 
pron -oryng allotted to these afternoons, with this definite oppor- 
tunity in view. On Thursday afternoon Mr. Gus C. Henning 
_ presented the results of the recent experiments in photograph- 
‘ing in natural colors under the Joly patents and system, throw- 
ing transparencies upon the screen in color and illustrating the 
system with many successful examples. 


On Wednesday evening a general reception was tendered by 
the New York membership to the visiting members and their 
ladies at Sherry’s, Thirty-seventh Street and Fifth Avenue. 
The members were received by the President in office and by 
the President-elect, with their ladies, as a reception committee, 

7 & after the reception dancing was provided for in the large 
ballroom. Supper was served during the entire evening, so as 
to prevent uncomfortable congestion at the table. Upwards of 

four hundred persons were in attendance. 
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THE TELESCOPE CONSIDERED HISTORICALLY AND 
PRACTICALLY. 


BY WORCESTER R. WARNER, CLEVELAND, OHIO, 


(President's Address, 1597.) 


In the study of the development of the telescope, it may be of. 
interest to recall briefly the state of the science of astronomy up_ 
to the time of Galileo’s invention. 

The ancients had carefully studied the geography of the heav-— 
ens, and as early as 2000 B.c. we have records of the constella- 
tions. In the oldest of the biblical records—the Book of Job— 
we read: “Canst thou bind the sweet influences of Pleiades, or 
loose the bands of Orion? . . . or canst thou guide Arcturus 
with his suns?” 

In the second century B.c., Hlipparchus, the father of mathe- 
matical astronomy, by comparing his own observations with 
those recorded 147 vears earlier, demonstrated that the length of 
the year, instead of being 365} days, as it had hitherto been con- 
sidered, was 365 days, 5 hours, 55 minutes, 12 seconds. This is. 
the first instance in the history of astronomy where a result was 
deduced by a comparison of widely separated observations. His 
result, as determined over 2,000 years ago, is in excess of the 
correct length of the year by but six minutes. 

Later he discovered the precession of the equinoxes, and to him 
also we are indebted for the first star catalogue, his list compris- 
ing 1,088 stars. Ptolemy, who flourished about the middle of the 
second century, A.D., preserved in his publications the work of 
Hipparchus, and published the first catalogue of the constella- 
tions, forty in number. 

Ptolemy is best known to the world as the originator of the 
Ptolemaic system of the universe. While, as we know, founded 
on error, this was the aecepted theory for more than thirteen 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Vol. XIX. of the Transactions, 
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science of astronomy. 

Copernicus, about the year 1550, gave to the world the true 
theory, claiming the sun as the centre of our system ; but it was 
slow in finding favor, for the Ptolemaic system had become so 
closely interwoven with the religious belief of the times that any 
view differing from it was considered heretical. In fact, the Co- 
pernican system waited for the invention of the telescope, and 
consequent verification through Galileo's discovery of the phases 
of Venus and Mercury. 


Fig. 1.—ASTRONOMICAL INSTRUMENTS ON THE WALLS OF PEKIN, CHINA, 


From the earliest historical mention of astronomy down to the 
invention of Galileo’s telescope in 1610, the science was closely 
interwoven with superstition in the form of the pseudo-science of 
astrology ; so much so, in fact, that the so-called wise men of the 
‘first sixteen centuries of the Christian era were fortune tellers, 
and based their predictions on the phenomena of the heavens 
and the position of stars and planets. Some remnants of these 
ancient astrological beliefs still hold sway over many of our estim- 
able people, for have we not often heard of fond mothers who 
wait until after the full of the moon before beginning to wean their 
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babies? And nearly every time the moon presents her beautiful 
crescent to us in the western sky, we are told that it is either a 
“wet moon” or a “dry moon.” If we happen to have a storm 
near the 21st of March or of September, it is to this day called 
the “ equinoctial storm,” although the position of our earth rela- 
tive to the sun can have no possible effect on the weather. 

The most valuable astronomical instruments previous to the in- 
vention of the telescope were constructed in the last quarter of the 
fifteenth century by order of that most eminent Danish astrono- 
mer, Tycho Brahe. By graduated circles and finely made sights 
he was able to construct a catalogue of 777 stars whose positions 
were more accurately measured than in the case of any previous 

catalogue. His very interesting instruments are now preserved 
; in the Royal Palace at Fredericksborg, near Copenhagen. 


> 


While we find several accounts of instruments for the purpose 
of seeing objects at a distance, there seems to be no authentic 
record of a telescope actually constructed previous to those made 
in Holland about the year 1609 by Janssen, Metius, or Lipper- 
hey. Different accounts give credit to each of these men, so we 
will give credit to all. In any case, the Dutch instrument was 
applied solely to military uses. It remained for the Italian phi- 
losopher Galileo to first apply the principle of the telescope to 
astronomical research. 
The earliest telescopes consisted of two lenses held in their 
relative positions by insertion in a tube. The object glass, or ob- ! 
jective, was of double convex form, and tle eyepiece was a double 
concave lens, the distance of these lenses from one another being 
the difference of their principal foci, just as in the tubes of our 


cheapest opera glasses of to-day. The modern opera glass, how- 


ever, magnifies but about 25 diameters, while Galileo succeeded in 
| making, on this principle, a telescope which magnified 30 diame- 
ters. With this he discovered the mountains on the moon, the 
phases of Venus, and the four satellites of Jupiter. The Dutch 
inventors called their simple instrument a ‘“ trunk,” while Galileo 
speaks of his as the “optic tube ” and the “perspective.” 


sa 


The objective of one of Galileo’s original telescopes—about 13 
inches aperture—is now, with many other mementoes of that 
great philosopher, in the Galilean Tribune of the Museum of © 
Natural Sciences in Florence. 

A few years after the invention of the Galilean instrument, it 
was suggested by the German astronomer Kepler that a tele- 
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scope having two convex lenses would be superior to the form 
used by Galileo. Kepler, however, did not develop the idea, and 
we find no important mention of it until the English astronomer 
Gascoigne discovered, about 1638, that, in addition to seeing a 
distant object by this form of telescope, he could at the same time 
clearly see a small object placed in the focus common to the two 
lenses. ‘To him, therefore, belongs the glory of having first ap- 
plied to the telescope the basie principle of the micrometer for 
the measurement of objects and angles. The invention enabled 
him to make the first telescopic measurements of the sun, moon, 


BIANCHINI. 


and principal planets. Unfortunately his career came to an early 
close, for he died in 1644, at the age of 24. 

Two serious optical difficulties, called “chromatic” and 
“spherical” aberration, caused the earlier astronomers great 


trouble ; for even in Galileo’s telescopes, small as they were, « 
fringe of rainbow tints surrounded every object viewed, and the 
objects, too, had a more or less hazy or indistinct appearance, 
caused by the spherical aberration of the single lens used by 
him, while the higher the magnifying power the more manifest 
were these defects. They were more marked, too, in the Kep- 
lerian than in the Galilean telescope. The chromatic aberration 


Fig. 2.—A GREAT TELESCOPE OF THE SEVENTEENTH CENTURY, AFTER 
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was partly overcome and the spherical aberration was reduced 
by greatly increasing the focal length of the objective. So, 
while the early Dutch telescopes, as well as those made by 
Galileo, were but a few inches long, the astronomer Huyghens 
had, about the year 1655, constructed telescopes varying from 
150 to 200 feet long. With one of these he discovered a satel- 
lite of Saturn, and later established the fact that the “ appen- 
dage ” which Galileo had described as attending that planet was 
a ring, probably revolving around it. With one of these long- 
focus telescopes, too, Cassini discovered the divisions in the ring 
of Saturn. The glass with which he made this discovery is now 
carefully preserved in the museum of the National Observatory 
at Paris. 

Gascoigne’s invention of the micrometer had not been made 
known beyond Eng!and, but in 1658 the French astronomer 
Huyghens independently discovered this same principle, and in 
1659 applied it by inserting a strip of metal of varying width 
in the foeus of his telescope, and noting at what point it exactly 
covered the image of the distant object under observation. By 
carefully measuring the strip of metal and comparing it with the 
focal length of the objective, he readily deduced the apparent — 
magnitude of the object. In this manner he determined the 
angular diameter of the planets and the relative positions of 
many stars. 

Improvements on this method of measuring angles were rapid 
and easy, the next step being the application of a network of 
silver wires in the focus of the telescope. ‘This was followed in- 
1666 by the micrometer with movable wires, which is one of the — 
principal forms in use at the present time, though in the gradual | 
refinement of the instrument the metallic wires have long since 
been replaced, first by fibres of silk, and later by the infinitely | 
delicate web of the spider. 

The invention of the micrometer opened an entirely new field 
for astronomical research. The telescope was no longer merely a 
revealer of the heavens, but, by the help of the new apparatus, 
pointing it exactly toward a given object, had become a measuring > 
instrument of undreamed accuracy. 

About 1680, Roemer, a Danish astronomer, constructed a tele- 
scope having a fixed axis at right angles to the optical axis, and 
in the focus of which he placed micrometer wires. Thus he 
invented the form of telescope called the “transit instrument.” 
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To the axis were applied graduated circles, the divisions of which 
were read by microscopes. Roemer adjusted his instrument in 
the true meridian, and so first used the telescope for measuring 
the exact time of the transit of stars across the meridian (Vig. 3). 

The limitations to the power of refracting telescopes caused by 


Fic, 3.—S1x-INcH MERIDIAN CrrcLe, U. NavaL OBSERVATORY. 


“chromatic aberration,” as mentioned earlier in this paper, were 
- most carefully studied with a view to obviating the trouble. Sir 
‘ Isaac Newton, in investigating the subject, discovered, in 1666, 
~ the unequal refraction of the different elements of light, and from 

that fact deduced the conclusion that any further improvement in 
_ the refracting telescope was impossible. 
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He then turned his attention to the principle of reflecting tele- 
scopes, Which had been explained by Gregory in 1664, and to 
Newton must be given credit for having, in 1670, constructed the 
first instrument of this type. This is now preserved in St. John’s 
College Museum, Cambridge, England. 

While the chromatic aberration of the refractor was wholly 
obviated in the reflector, other equally annoying conditions pre- 
vented its general adoption. It was essential that the reflecting 
surface be a parabola, and none of the earlier opticians could 
produce that form. Another difficulty lay in the fact that the 
effect of errors of spherical aberration in the optical surface is 
four times as manifest in reflectors as in refractors. 

Thus we see that both types of telescopes were greatly limited 
in their efficiency, and the prospect of improvemeut seemed far 
distant. 

Indeed, though sixty years had passed since Galileo made his 
first telescope, yet these limitations to the power of instruments, 
as just explained, so retarded progress that but few astronomical 
discoveries had been added to those made by him. Nearly a 
hundred years more were destined to pass before the problem of 
correcting the chromatic and spherical aberration of the refracting 
telescope should be solved. During this time much was done 
toward developing the reflecting telescope. 

In 1732 Newton succeeded in constructing the first parabolic 
mirror, which greatly improved the definition of such instruments. 
But at last, in 1755, the English optician Dollond discovered that 
the dispersion of light was variable when refracted through dif- 
ferent kinds of glass. With this fact as a key, he constructed 
object glasses having two lenses of such form and refracting 
power that one would correct the error of the other, and thus 
eliminate entirely the spherical aberration as well as the greater 
part of the chromatic aberration. This invention removed in a 
very large measure the difficulty which for one hundred and fifty 
years has been a check to progress in the use of refracting tele- 
scopes. Credit is given to Chester Moore Ilall, of Essex, England, 
for having made the first achromatic objective, in the year 1829; 
but the theoretical as well as the practical development of this 
great invention is certainly due to John Dollond. 


Comparing the two types, reflectors and refractors, it must be 
said that both have their points of decided advantage ; but the 
serious loss of light and definition in the case of the former rele- 
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gates it, in the hands of astronomers, to use in very limited 
directions, and in the hands of amateurs, to the purposes of 
entertaining the public. Even in the case of so earnest a student 
as Lord Rosse, it is worth remembering that his best records were 
made with his three-foot reflector rather than with the famous 
six-foot. While, therefore, there seems no limit to the develop- 
ment of the refractor, a bound is set to the usefulness of large 


Fie, 4.—Lorp Rossr’s Six-FooT REFLECTING TELESCOPE. 


reflectors by the impossibility of properly supporting a mirror 


Boos than three feet in diameter. Varying flexure results from 
experimenting with larger specula, so that it is searcely scientific 


to expect further development in reflecting telescopes; yet they 
have their uses, and are found to-day in many of the best-equipped 
observatories, but only as accessories to the principal instruments. 

Each advance in the optical efficiency of the telescope necessi- 
~ tated equal improvement in mechanical means for adjusting and 
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using the instrument. At first it was simply held in the hand, 
and even as crude methods of support came gradually into vogue, 
they were of small use otherwise than as approximately holding 
the tube in position. Previous to the eighteenth century the 
best telescopes were used with the alt-azimuth mounting, having, 
as the name indicates, one motion in altitude and one in azimuth, 
the combination of these motions enabling the observer to point 
the instrument to any part of the visible heavens. The apparent: 
motion of the stars made the use of this type of mounting very 
unsatisfactory and inadequate for observing, especially when high 
magnifying powers were required, 

When we remember that it was an astronomer who overthrew 
the Ptolemaic heresy by demonstrating the Copernican theory, 
and an astronomer who devised the very form of the telescope, 
and wrought out the optical problems involved, it is hard to 
understand why mighty thinkers like these same early astrono-— 
mers should have stumbled in the design of a mounting which 
would follow by a single movement the apparent motions of 
stars and planets. Yet we do not find any mention of the equa- 
torial telescope until Roemer, the Astronomer Royal of Denmark, 
made one early in the eighteenth century, and we may believe he 
was the original inventor of this most excellent type of mounting 
which has become standard throughout the world. Its principal 
features are very familiar, and yet a mention of them may not be 
amiss. 

Surmounting a heavy pier or column, about half the height of 
the telescope, is the equatorial head, carrying the polar axis at an 
angle exactly equal to the latitude of the locality, and conse- 
quently exactly parallel to the axis of rotation of the earth. At 
the upper end of the polar axis, and at right angles to it, are 
bearings for carrying the declination axis. This axis in turn is 
rigidly fastened to the telescope tube at right angles to its optical 
axis. Both the polar and declination axes carry graduated cir- 
cles, read by vernier or micrometer. By these the position of the 
star or planet observed is accurately determined ; or conversely, 
by setting the instrument so that the circles will read its pre- 
determined position, the star is found. The fact that the polar 
axis of the telescope is parallel with the earth’s axis of rotation 
will make it clear to all that the apparent motion of the stars, 
caused by the diurnal motion of the earth from west to east, will, 
when a star is being observed, be counteracted by an equal angu- 
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lar revolution of the polar axis from east to west, and the star 
will therefore appear to stand still in the field of the telescope. 
This motion of the polar axis was in the earlier equatorial 

— operated by hand, but about the year 1825 driving 
| clocks were introduced to make the tube follow the apparent 
motion of the star by automatically revolving the polar axis in 
-sidereal time, thus adding greatly to the ease and comfort of the 
astronomer, and thereby enabling him to make better and more 
accurate observations. 

Not only, however, had the development of the telescope waited 
for the invention of the driving clock, but also for improvements 
in the making of object glasses. In this latter respect by far 
the best results of the early part of this century were obtained by 
that most eminent physicist, Joseph Fraunhofer of Munich. He 
died in 1826, but is to-day quoted by the physicists and astron- 


omers of the whole world. His successors, Merz and Mahder, 


made the largest refracting telescopes of their time, the monu- 
ments of their genius being the Harvard College 15-inch telescope, 
and one of equal size for the Russian National Observatory at 
~Pulkowa, both completed in 1845. 


The latter observatory, by the way, was founded by Czar 
wv? 


Nicholas II., on the express condition that it should always be 
equipped with the largest telescope in the world. It has hada 
brilliant career of usefulness, and is still in the enjoyment of great 
fame. 

With the combination of mechanical and optical efficiency the 


modern achievements in telescope building became possible. The 


problems of construction have been studied by many very able 


minds, and passed through many curious phases, always with a 


view to helping the astronomer in his practical work. To that 


end a modern French engineer has devised a form of mounting 
which is called the equatorial coudé, or elbowed telescope. Re- 
member, if you please, that the temperature of an observatory 
must be kept as nearly as possible that of the atmosphere outside, 
otherwise currents of air would make the definition imperfect, and 
even obscure the lesser stars; and remember, too, that since 
definition is often best in cold weather, the astronomer must be 
inured to work in appalling temperatures. Moreover, unless 
there be an elevating floor to his observatory, he has the added 
_ discomfort of putting himself into all sorts of attitudes while ob- 
serving. It is to obviate these discomforts that the coudé was 
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designed. Jlere the polar axis forms part of the tube, the observer 
looking through the upper end, while sitting comfortably in’ his 
warm room, in an attitude as easy as though he were using a 
microscope. The star being twice reflected before the image is 
formed in the foeus, it is possible to bring all motions under 
control of the astronomer while seated, if he so please, in his easy 
chair. The Paris Observatory has two of these instruments, one 
of 93 and the other of 24 inches aperture. There is also one at 


Fic. Paris 


- Vienna, and the type is gaining more favor than was originally 
prophesied for it by those who feared loss of light and definition 
through the use of methods of reflection. Its ingenuity, at least, 
cannot be questioned. 

Again, the combination of optical and mechanical efficiency in 
the telescope gave an immense impetus to the rise of observa- 
tories. The first national observatory was that of Copenhagen, 
- founded in 1656. The Paris Observatory followed in 1667, and 
Greenwich in 1675. So they came into existence gradually, up 
to the middle of this century. Since then, who can number them ? 
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‘The era of large telescopes may be said to date from this same 
period, 1845, and the race for supremacy has been a rapid one ; 
for during the last fifty years the power of telescopes has been 

. 
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increased seven-fold. The superlative degree has been applied, 
in turn, to the 18-inch telescope of 1861, now at the Northwest- 
ern University, and to the 26-inch, made in 1871 for the United 


Pr 4 
me 
= 


50 THE TELESCOPE CONSIDERED HISTORICALLY AND PRACTICALLY. 


States Naval Observatory. Next the honor was transferred to 
tussia, where at Pulkowa, in 1581, a 30-inch telescope was 
installed. This remained the largest until the 36-inch Lick tele- 
scope was completed in 1888. A general impression seemed then 
to prevail that the limit of size and power had been reached, 
and that the observatory on Mt. Hamilton would maintain its 
position asthe Supreme Court of Astronomy for along time. Its 


supremacy, however, extended over a period of only nine short 
years; for the present year has witnessed the completion and 
dedication of the Yerkes Observatory, whose giant equatorial, 
now the largest, is surely destined long to remain so, unless sur- 
passed by the monster projected for the Paris Exposition of 1900 


—projected, not completed, for these terms are by no means syn- 


onymous in optics. 


Not only do the casting and figuring of a great lens demand 
ability of very high order, but the mounting has passed from 
the province of the mechanic and instrument-maker to that of the 
engineer. Consider for a moment this element as found in 
the 26-inch telescope of the United States Naval Observatory, the 
36-inch Lick, and the 40-inch Yerkes telescopes, which, while pos- 
‘sessing differences such as rendered the construction of each a 
matter of independent design, are yet of the same general type. 
~The problems presented to the engineer in designing and con- 
structing such great celestial engines are many and varied. Let 
us examine a few of them in the case of the Yerkes instrument. 
7 The weight of the 40-inch objective, with its cell, is 1,000 pounds. 
The weight of the entire telescope is 70 tons. The tube alone 
weighs 6 tons and is 62 feet long. Now the column supporting 
these heavy movable parts must be rigid in the last degree, and 
_ yet of convenient form. To secure these results it is made rect- 
angular in shape, and is cast in four sections, rigidly bolted 
together. The lower section has a broad, extended base, 14 by 18 

feet, anchored in the solidest manner to the masonry foundation. 

The upper section contains the driving clock and its attendant 
a mechanism, while surmounting this section is the equatorial 

head, supporting all of the movable parts of the telescope. A 
spiral staircase on the south side of the column gives easy access 
to the clock room in the upper section, and also to the baleony 

surrounding the head. 

The great tube must be as free from flexure as possible, and of 

such form and construction as to insure minimum weight. It is 
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made of steel in five sections, the central section being so designed — 
as that the declination axis may be accurately and rigidly fas- 
tened to it. The objective end terminates in a flange so arranged — 
as to carry the great objective and allow proper adjustment. At 
the “eye end” provision is made to carry not only the micrometer 


and eyepieces, but a spectroscope and spectro-heliograph and 
other physical and astro-physical apparatus. At the eye end, too, 


the electric clamps and slow motions (Fig. 9). The polar and 
declination axes—by means of which the telescope can be directed | 
to any part of the visible heavens—must, like the tube, be as free 
from flexure as possible. They are hollow, to allow a part of the 
complicated mechanism to be carried through them. All bearings 
for these axes must be made with the greatest accuracy, and have 
the friction reduced to a minimum, for the movements of the tube — 
and its attendant mechanism must be as free as possible. The 
weight of the tube, the axes, and their connections, all of which 
must move when the telescope is following the apparent motion — 
of a star, is no less than 22 tons. 

Provision must be made for conveniently pointing this monster 
“optic tube” to any part of the visible heavens. This is roughly 
and quickly done by the electric motors, one giving the motion in 
declination and the other in right ascension. Twosmaller motors 


are also provided for giving slow motions in both directions. By 


the aid of these motors the astronomer is able to bring the star 

to the centre of the field, in coincidence with the micrometer wire. 

These movements must also be easily made by hand, either by 
the assistant on the baleony or by the astronomer at the eye- 

piece. 

The driving clock, which is located in the upper section, must 
be able to carry all this great weight in exact sidereal time, so that — 
the star shall appear to stand still as it is bisected by the spider 
web of the micrometer in the focus of the telescope. The pro- 
pelling power is obtained by a weight of 850 pounds, which, when 
the clock is in motion, falls 1} feet per minute. The mechanism 
is controlled by a double conical pendulum so mounted as to make 
one revolution per second, whether it is carrying the telescope or 
not. The whole mechanism of the driving clock must be so de- 
signed that its motion may be instantaneously communicated to 
the polar axis by electric clamps and also by hand, and that it 
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shall provide for conveniently changing the speed from stellar to 
lunar and to solar rates. 


; Finally, since the suecess of many important observations de- 


Fic. 9.—Eye Enp, Lick TELESCOPE, 


pends on the constant and regular motion of the driving clock, an 
electric motor must be introduced for automatically keeping it 
wound. 
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Such are some of the provisions made for the convenience of 
the astronomer in handling a large instrument. The mechanism 
is of necessity complicated, and, as has been said, belongs dis- 
tinctly to the sphere of engineering. 

There is a popular idea that objectives are made large in order 
to magnify enormously, whereas the purpose is rather to secure 
more light. The pupil of the eye has a diameter of only about 
1 of an inch. The telescope serves to increase the number of 
rays that can be brought upon the retina, making them as many 
as fallon the surface of the objective. The retina is thus virtually 
increased in the ratio of the square of the diameter of the objective 
to the square of | of an inch. Thus, with a 2-inch aperture, the 
number of rays collected is 100 times as great as the number col- 
lected by the naked eye. Figuring thus, too, the star seen through 
the Yerkes telescope is more than 40,000 times as bright as when 
seen with the unaided eye. This is the true and unanswerable 
argument in favor of large telescopes. In our country, where 
exist the largest, the science of astronomy is in a state of progress 
which may wel] be a source of pride. It was the 26-inch telescope 
of our Naval Observatory whieh first showed the satellites of Mars, 
and the 36-inch Lick glass that first revealed the fifth satellite of 
Jupiter. Sensational discoveries are reserved for large instru- 
ments, and one such may yet reveal to us the trans-Neptunian 
planet so long and vainly sought in our own day. 

The original use of the telescope was to study the motions of 
heavenly bodies, but it was the elder Herschel who first proposed 
to himself to make of it a means of determining, as he expresses 
it, “the present constitution and the evolution history of the 
stars, the comets, the sun, the planets.” Thus he became the 
founder of the science of astro-physies. Many observatories to- 
day confine their activities to this form of research. To mere 
observing have been added photography, photometry, spectro. 
scopy, and so, in process of time, the telescope has passed 
through a form of evolution that allies it to the history of civili- 
zation. While astronomy, as we know, is, of all sciences, the 
one most removed from the sphere of commercial results, yet 
the telescope, in some form or another, is the one and only means 
we have of navigating ships, of measuring wide expanses of terri- 
tory, of determining latitude and longitude, and of keeping time. 
Every navigator who sails out of sight of land must have a fair 
knowledge of astronomy. 


His compass tells him approximately 


| 


the cardinal points, but it gives him no hint as to where on the 
broad ocean he is. Every ship, therefore, that crosses the ocean 
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- goes out equipped not only with optical instruments for taking 
the altitude of the heavenly bodies, but with a nautical almanac 
containing the exact position for each day of the sun, moon, 
planets, and fundamental stars; so that by careful observation 
and simple computation the navigator can closely determine his 


latitude and longitude. 
Government observatories keep their corps of eminent astrono- 


Fie, 10.—Lick OBSERVATORY, Mount HAMILTON, CAL, 


mers ceaselessly at work making and reducing observations for 
the use of navigators who are supplied with these nautical almanacs 
indicating the position of the heavenly bodies for several years \ 
ahead. 

The telescope is just as indispensable, too, to the surveyor. In 
laying out a railroad across the continent his position is found by 
observing his latitude and longitude. The distance from New 


tions made at the two places. It is practically impossible to— 
measure the distance between New York and Liverpool, but very 
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York to San Francisco has never been closely measured, but the 7c. a . 
engineer has accurately determined it by comparing his observa-_ 
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easy to determine it within a few hundred feet by the aid of the 
telescope. Rivers and mountain ranges are often taken as divid- 


ing lines between countries ; but where these natural lines are not 


= 


diplomatically located, the telescope is brouglit into requisition, 


and imaginary lines, designated by degrees and minutes of lati- 
tude or longitude, form the divisions sought. 


Again, the telescope with its attached camera now does in forty 


minutes what it formerly took an able astronomer four years to 
accomplish, and does it better, mapping stars he never saw, and 
making a permanent record with no discounts for the personal 

equation. In this connection it is of interest to recall the ce 


Fig. 11.—YERKES OBSERVATORY, GENEVA LAKE, Wis. LARGE DoMeE NINETY 
Fret DIAMETER. 


that the first heavenly body ever photographed was the moon, in 
1840, a feat accomplished by Dr. J. W. Draper in our own 
country. In 1845 the sun was first photographed, in Paris; in 
1850, at the Harvard Observatory, the first star was photographed. 
In these days photography makes all the star-maps, and keeps its 
own records intact, a magnificent legacy from this to future genera- 
tions. 

Substitute for the camera the spectroscope, and equally mar- 
vellous results follow. The instrument is then called a telespec- 
troscope. While Wallaston, as early as 1802, knew of the exist- 
ence of dark lines in the spectrum of the sun, and Fraunhofer, in 
1823, saw them in the spectrum of the stars, neither of these 
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investigators recognized their cause. It was not until the years 
1859 and 1560 that Bunsen and Kirchoff published their re- 
searches which gave to the scientific world the meaning of the 
dark lines seen crossing the spectrum of the sun, stars, and other 
heavenly bodies. From this date the spectroscope, when attached 
to the telescope, became one of the most powerful instruments in 
the hands of the astronomer, as it enabled him to determine the 


aii. 


Fig. 12.—Zenitu TELESCOPE. 


constitution of the heavenly bodies, to measure their motion in 
the line of sight, to watch the solar flames as they burst forth from 
the sun, and, in very recent years, to photograph these interesting 
phenomena, as well as facule that cannot be seen with the tele- 
scope. 

The spectrum lines due to solar prominences had never been 
seen without a total eclipse, until Janssen found, just after the 
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eclipse of 1868, they could, by a proper arrangement of his spec- 
troscope, be seen at any time the sun was shining. Lockyer had 
really predicted this discovery in 1866. This opened up a new 
field in solar research, for it was soon found that the form of the 
solar prominences could be built up from varying lengths of the 
spectrum lines. On the 15th of February, 1869, Dr. Huggins, of 
London, saw and sketched the first prominence in bright sunlight. 


13.—PRIVATE OBSERVATORY, CLEVELAND, O. 


Lockyer, in England, and Zollner, in Germany, by an improve- 
ment in Huggins’ method made it so easy to observe solar promi- 


_hences with the spectroscope, that maps are now daily made of 
_ the sun’s atmosphere. 

The spectroscope was soon found to be invaluable for the study 
of the various types of stars, for observations of new or tempo- 
_ rary stars, for determining the motion of stars and nebulz in the 
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line of sight, and for a critical study of the sun’s rotation period. 
In the hands of Keeler it has solved the mystery of Saturn’s 
rings. Hale and Deslandres have photographed the solar facule 
and flames, and astronomers all over the world are now working 


on problems intimately associated with the physical constitution 
7 of the heavenly bodies, that must sooner or later give up their 
} secrets to this all-powerful instrument. 


So it is clear that the instrument which began its course as a 
military spy-glass, and which to-day regulates our clocks and 
schedules the running of our railroad trains, is the same telescope 
of which it is written, in the glorious records of history, that it 

; spanned infinities of space, wrought a revolution in human think- 
ing, and called a new universe into being. 


| Note by the Publication Committce.—This paper was presented at an evening 
session of the Society, and was copiously illustrated by wisely selected views 
oh thrown on the screen by a projective lantern. The illustrations of the printed 
paper are from reproductions of a few of these views. | 
DISCUSSION. 
‘ 
OPTICAL GLASS. 
Mr. Jno. A. Brashear.—A few weeks ago our President asked 
me to write some notes on the evolution of the manufacture of 


optical glass as a supplement to his paper on the “ Evolution of 
the Telescope,” the two subjects being sO intimately associated 
that it might be of interest to the Society to have some informa- 
tion upon this phase of the subject. I have endeavored to carry 
out his wishes in this paper. 

It is difficult indeed to trace the history of optical glass in its 
earlier development. I have studied almost every available 
authority on the subject, and have concluded that no great 
weight can be placed upon many of the earlier stories told us. 
Mollineux, in his Dioptrica Nova, written in 1690, says, “that 
the ancients had no knowledge of optical glasses is most evident 
from their universal silence in this matter; their most learned 
and inquisitive philosophers making no mention or at least hint 
thereof in their writings, and doubtless a contrivance of such 
universal use, beneficial to all old men, both in reading and writ- 
ing, could not have been so concealed as that the least footsteps 
thereof should remain to posterity. The only relief they had for p 
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their decayed sights were certain colyria, or eye salves, and when 
they failed them they were left alone in the dark for minute and 
close objects.” Pauciollus, in his /ebus Inventio, quotes this 
passage from Plautus’ Cedo Vitriwm, “necesse est conspicillis 
uti” (literally, something to see with), which, he says, cannot 
possibly mean anything else but the glasses in all spectacles ; but 
Mollineux plainly states that such a passage is not to be found 
in Plautus. 

In an Italian work published but five years before the remark- 
able work to which I have referred (Mollineux), there is a state- 
ment that spectacles were invented about the year 1150, but this 
date is probably too early. It is, however, quite certain that the 
date of the discovery of lenses, as applied to spectacles, is some- 
where between 1280 and 1311. 

In a manuscript written in 1299, preserved in an Italian library, 
there is a sentence which, translated into English, reads thus: 
“T find myself so pressed by age that I can neither read nor 
write without those glasses they call spectacles, lately invented ; 
to the great advantage of poor old men when their sight grows 
weak.” 

Friar Jordan, in a book of sermons printed in 1305, tells his 
audience that “it is not twenty years since the art of making 
spectacles was found out, and is indeed one of the best and most 
necessary inventions in the world.” 

From this and much other data it is quite certain that specta- 
cles were known in the latter part of the thirteenth century. 

Mollineux says that “there is no positive knowledge of who 
was the happy man that first hit upon this lucky thought. °Tis 
true, indeed, if we credit the forementioned chronicle of the 
convent at Pisa, Friar Spina makes as fair a challenge to the in- 
vention as the first author who refused to communicate it. But 
I am apt to believe that whoever this close man was that 
would not impart to Spina, he was a friar, and that these monk- 
ish men, and Jordan among the rest, had this invention whis- 
pered among themselves before it was public, and that they all 
had the first hint from our countryman, Friar Roger Bacon.” 

After a great deal of research I have failed to find any satisfac- 
tory data as to the character of the glass used in making spectacle 
lenses. That it was crown glass there seems little doubt, for the 
reason that all flint glass made during this period was very im- 
pure ; indeed, up to the beginning of the present century no flint 
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glass had been produced which was of any value for optical pur-_ 
poses. 

It is entirely foreign to the purpose of this paper to trace the | 
history of glass-making, outside of its association with the devel-_ 
opment of optical instruments, interesting as this part of the 
subject may be ; but when we consider that the manufacture of | 
glass extends far back into the past, perhaps forty centuries, it is 
rather surprising that we have so little information as to the kind 
of glass used in the manufacture of spectacle and other forms of | 
lenses, such as those used in the earlier telescopes. It is quite 
certain that window glass was made in the thirteenth century, 
aud mirror glass was made in Venice as early as 1317, but glass 
mirrors did not displace steel mirrors, as they were made up to 
the sixteenth century, when the art of silvering mirrors was per-_ 
fected, although processes of silvering had been known for four | 
hundred years. 

As the making of window and mirror glass was contemporane- 
ous with the invention of spectacles, there remains little doubt in 
my mind that the crown glass, from which lenses were made, was Ba 
selected from the window or mirror glass used at that time, and _ 
this same method of obtaining glass for spectacles and other 
lenses must have been followed for more than three centuries. (fa 

Through the courtesy of Admir: Mouchez, Director of the a 
Paris Observatory, I was permitted, in 1892, to examine some of 
the largest objectives made by Divini, of Rome, and Campani, of 

Bologna, about the middle of the seventeenth century, one of which 
was 6 inches diameter. I am quite sure that the material out 
of which these lenses were constructed is similar to the mirror 
glass manufactured at the time they were made. If my memory - 
serves me right, the 6-inch lens was not over | of an inch in 
thickness. I well remember examining the object glass used by 
Cassini, with which he discovered the double ring of Saturn. It 
was about 45 inches in diameter, and not over ,’; thick at the edge, 
and as the radius of curvature was, I should say, not less than 40 
feet, the lens was very little thicker in the centre than at the- 
edge. Owing to the many little scratches on the surface of this” . 
historic glass, I was not able to determine the character of the. am 
material in it, but it must have been of fairly good quality, or = 
Cassini could not have made such discoveries with it. 

A new era in telescope-making dawned upon the world when 
Dollond made his wonderful discovery of correcting the chromatic 
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aberration of the object glass, mention of which has been made 
in the address of our President. 

But Dollond’s discovery required the use of both crown and 
flint glass. Crown glass of fairly good size could be procured by 
a careful selection of the best grades of plate glass, but flint glass 
of suflicient purity could not be obtained for objectives of more 
than three to three and a half inches diameter, and then only by 
chance could pieces be found by searching through a large mass of 
material at the glass works. So serious did the problem become 
that the Academy of Sciences at Paris offered a prize to the suc- 
cessful maker of flint glass for optical purposes. Maequer, a 
celebrated chemist; Roux, of the great St. Gobain glass works ; 
Albert, of the Langress glass factory, all tried to solve the problem, 
but failed completely, and it is stated by Bontemps, one of the 
best authorities on the manufacture of glass, that out of a hun- 
dred pounds of the best flint glass any of the makers could pro- 
duce, they were often unable to get the material for an objective 
of 3 inches diameter, and at this period—about 1811—, piece of 
good flint glass 3} inches diameter, free from imperfections, was 
considered of great value. 

In an old and very rare book by Dr. Kitchiner, I find the fol- 
lowing note: “Tam informed by the Messrs. Dollonds that be- 
tween the years 1760 and 1765 they met with a pot of uncom- 
monly fine flint glass: Crown glass was also then to be had of 
much superior quality than they had been able to procure since 
the cessation of the glass house of Ratcliffe—however, they found 
that they could not even then with these confessedly superior 
materials produce an object glass of larger aperture than 3} 
inches. Such was the case then when it was much more plentiful 
than itis now.” This note written in 1818 shows that it was a 
mere chance melting of glass which gave the Dollonds their oppor- 
tunity to make lenses of so large an aperture as 3} inches. 

When Peter Dollond made a triple lens object glass of 3? inches 
aperture for Dr. Kitchiner, so great was his interest in it that he 
remarked to Kitchiner, “Yes, that object glass is one of the 
things that is to make me immortal.” 

3ontemps is authority for the statement that M. D’Artigues, 
one of the best makers of crystal glass in France, gave his un- 


divided attention to the production of optical flint glass, but 


after many trials succeeded only in producing, probably by mere 


chance, a few pieces, one of which was good enough to make a — 
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lens of 4 inches diameter. An objective was made from this 
large (?) piece of glass by M. Cauchoix and presented to the class 
of physical and mathematical sciences at the Institute of France 
by M. D’Artigues. 

M. Biot made a report of M. D’Artigues’ method, which, while 
it gave in detail the various steps of the process, proved very un- 
satisfactory, for, summing it up, Bontemps puts it thus: “* Make a 
pot of good flint glass with all possible care by M. D’Artigues’ 
method and you will find in it some glass for optical purposes.” 

In Biot’s report he made mention of the fact that “there was 
still fine striz left in the glass made by M. D’Artigues,—that 
there was not enough to do any harm,—but which he would ask 
him to remove if possible in order to obtain the best objectives.” 

sut the time had come when, with the want, came a man to 
supply it; and, like many of the most valuable inventions which 
have opened new eras in the world’s history, this one came from — 
where it was little expected. Pierre Guinand, a watchmaker of 
Brenets, near Neuchatel, in Switzerland, had learned of the diffi- 
culty of making flint glass, and, although he had no knowledge of 


the processes employed, ignorant in a great measure of the laws | 


of physies and chemistry, he attacked the problem in a variety of | 


ways, each time gaining kwowledge which was invaluable to him. 
He seemed to be endowed with the spirit of research, coupled 
with great perseverance and patience, and, although he worked =~ 
years without results, success finally came to him. 

There are two serious difficulties in making flint glass: one is— 

— that of a tendency of the oxide of lead—which is one of the | 
important constituents of this glass—to fall to the bottom of the 
pot or crucible when it is in a state of fusion. This tendency of — 
the lead oxide to sink produces unequal density in the various 


horizontal layers of the glass, which in itself would not be so a 
- important if it were possible to cut truly horizontal sections from 
: the cooled mass; but this is, in the very nature of the case, an — 
impossibility, for, in cooling, the glass breaks up into more or less 
irregular shapes, and from these pieces must be selected the - 
material for lenses. 
Another and most serious difficulty is to get rid of striw or 
cords in the glass, which requires a very perfect mixture of the 
fluid mass, but which is rarely ever attained. 
(ruinand’s process is essentially as follows: A single pot or 
crucible, made of very pure clay, with an opening in the side near 
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the top, is placed in a furnace especially arranged so that the heat 
ean be applied all around it and as equally as possible. The 
material for the glass is placed in the pot or erucible in two or 
three charges, separated by an interval sufficient to allow the pre- 
vious charge to settle. The material, or batch, as it is technically 
-ealled, is now thoroughly melted, requiring about thirty hours for 
perfect fusion, a very high temperature being required. Tests are 
taken from the melted material from time to time until the test 
pieces show not only perfect fasion, but the greatest possible free- 
dom from air bubbles. At this stage of the process Guinand’s 
invention is brought into requisition; namely, a thorough stirring 
of the fluid mass. For this purpose a stirrer, made of the purest 
clay, is introduced into the pot, having been previously brought 
to quite a high temperature so as not to chill the glass. This 
stirrer, called a “ Guinand,” is so made that an iron handle can 
be secured inside of the upper end of it, the long handle of the 
iron part being carried in a sheave on the side of the furnace so 
as to carry its weight. 
The process of stirring is now commenced, and is a most labori- 
ous task, not only on account of the character of the work, but of 
the excessive temperature which must be endured by the workmen. 
Two men are required to do this work, as it must be kept up for 
about three hours, or until the mass has become so stiff that the 
stirrer can no longer be moved by the operators. M. Feil told 
the writer some years ago that this process of stirring is most 
exhausting in its nature, and that few men can stand it. The 
temperature is allowed to fall during this and subsequent stir- 
rings, so that the metal may approach so nearly to the solid state 
that the metallic oxides will not sink. For tlhe commoner grades 
of optical flint glass one stirring is usually considered sufficient, 
but for the best grades the temperature is raised after the first 
stirring, and a second and sometimes a third stirring are found 
necessary to work all the remaining air bubbles to the top, as well 
as to mix up the mass so thoroughly that it will be of as nearly as 
possible the same density from top to bottom. So difficult is it 
to move the stirrer toward the end of the process that the 
“Guinand,” or clay stirrer, cannot be moved around the pot in 
less than six to seven seconds. No doubt mechanical methods 
could be devised for this part of the work. The iron handles of 
the stirrer must be frequently changed on account of becoming _ 
so hot as to form scales of gray oxide, which, if they should fall _ 
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into the glass, would ruin it for optical purposes. One of the 
creat difliculties the optical glass maker has to contend with is 
the presence of iron in the clay from which the pots or crucibles 
are made. 

After the final stirring has been completed, double covers are — 
placed over the mouth of the pot and carefully luted with clay. 
Every avenue for the ingress or egress of air in the furnace is 
carefully sealed, and the furnace, pot, and glass allowed to cool 
during a period of six to ten days, according to the weight of the 
melted mass and size of the furnace. 

The front of the furnace is now taken down and the erucible 
drawn out in order to get at its contents. The pot is usually 
found pretty well shattered, and is broken away from the now 
solidified and cooled mass within it. The glass is also found 
broken into irregular lumps of greater or less size, but all are 
carefully examined and set aside for use according to their value. 

Just here comes in the second process, discovered by Guinand, 
a process invaluable in the art of optical glass making, and which 
is used to-day almost exactly as it was in the days of its illustrious — 
discoverer or inventor. 

Let us suppose a lump of this glass is selected which has weight 
enough to make a disk twelve inches diameter. It is first ground 
and polished in places which will allow of a careful inspection of the 
interior of the mass. 


the piece chosen. careful diagnosis been made, the 
inpurities are ground or cut out by various methods, and after all 

defects which can be reached have been eliminated, the lump is 

ready for the third stage, namely, that of softening it down to a_ 

disk of the proper diameter and thickness. 


In this work the most scrupulous care is necessary, for if the — 
lump be as pure as crystal quartz and does not go through this 
third stage as it should, it will be useless for the purpose of 7 
making a fine object glass. 


A special furnace is constructed which is called the “ annealing 
oven,” in the centre of which a mould is placed of the size neces- 
sary to make the required disk. This mould is of clay, which for 
disks of large size is so made that the ring which forms the thick- _ 
ness is separated from the flat bottom. The ring is also made in 
two pieces and secured by a wire wrapped around a groove on 
the outside, so that the annealed disk may be easily taken from 
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the mould when it becomes cold. To prevent the disk from stick- 
ing to any part of the mould, it is first painted over with mucilage 
and then dusted with pulverized chalk. 

The lump of glass is now laid in the mould, and a cover of clay 
is placed over it and the glass so that no flame can strike it 
The temperature must be raised very slowly, so that the 
lump of glass will not crack, for if once cracked it is ruined. It 


direetly. 


may be of interest to know that a lump of glass may be sawed or 
eut almost in twain and, if placed rightly in the mould, make a 
perfect disk, as when softened by heat the part which has the eut 
in it will slowly float to the top, solid glass taking its place ; but if 
the cut extends through the Jump, it coalesces without rising, 
making the disk useless. The temperature of the annealing oven 
need never be any greater than the melting point of glass, which 
The 


mufile, or cover, which is placed over the mould is so made that it 


of course varies with the different kinds of flint and crown. 


may be removed at any time by an iron fork, through a small 
opening in the furnace, so as to examine the glass. 

It is necessary that the temperature should be kept quite con- 
stant until the glass has become evenly heated throughout, and 
until all depressions have arisen to a common level. It is almost 
imperative that the sides of the annealing oven should be so con- 
structed in relation to the mould that the cooling shall be sym- 
metrical, else the disk will be certain to show the effect of irregu- 
larity of cooling. It has been found that in annealing glass the 
temperature may be brought down rapidly, without any danger, 
until it reaches a certain critical point, which I believe has not 
been accurately determined, but which, from some experimental 
data, I am inclined to think is not far from the point of incan- 
descence, about 997 degrees Fahrenheit, or 523 centigrade. 

Before this critical point is reached the annealing furnace must 
be rigorously closed to all intrusion of air, and as for large disks 
the furnaces are quite massive, the process of cooling goes on 
allowing the molecules of the glass to find their 
normal positions, or, as it has been very prettily stated, “to lie 
kindly in their relations with one another.” 


very slowly, 


The cooling process 
is necessarily very slow, and for large disks requires from ten to 
twenty days. Smaller disks and plates require less time. For 
forming and annealing small disks and plates, the inner edges of 
the moulds are bevelled to allow the annealed glass to drop out 
readily after it has become cold. 
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After the first annealing the disk is ground and polished on the 


faces, again examined for imperfections and the quality of the 
annealing. If imperfections such as strive, cords, or stones are 
found in the glass they must be ground out and the disk must 
again go through the same process. A second or third annealing 
is fraught with new dangers, the principal one of which is that of 
devitrification, .¢., changing of the glass from the transparent to 
the translucent or opaque condition, thus making it useless for 
any purpose whatever. The writer has seen a beautiful thirty- 
inch disk ruined in this way, but, fortunately, devitrification rarely 
happens with the careful workman. 

These processes as worked out by Guinand are practically the 
same as those used to-day. Some improvements have been made 
by Feil and Mantois of Paris, who have made the magnificent 
disks of all the larger objectives made in recent years. Dr. Schott 
& Co. of Jena have also added some features to the annealing 
process, Which have yielded splendid results so far as freedom 
from molecular strain is concerned. Since the days of Pierre 
Guinand many new kinds of glass have been discovered and 
made by the French and German glass makers, some of which 
have proven to be of the highest value to the optician. To Dr. 
Schott, Dr. Abbe, and Dr. Zeiss in Germany, M. Feil and Mantois 
in France we owe a debt of gratitude for their invaluable services 
in this important work. 

But our disk has not yet passed through the entire gauntlet 
which it must run before being pronounced fit for a great objective. 
All disks are sent to the optician with a guarantee of their perfec- 
tion. This “ doubting Thomas ” now repolishes the surfaces and 
with his polariscope examines the glass for strain. If the annealing 
has not been regular, the tell-tale polariscope has no merey, but 
picks ont the defects with unerring certainty. Should it pass 
this ordeal, it must then be subject to a careful study for striae 
and unequal densify. ‘To locate striz, if they exist, a beam of light 


is concentrated by a lens on the various portions of the disk, every 


inch of which is carefully studied ; the keen eye of the observer 
rarely failing to detect any stri# or cords that would do harm. 
Unequal density is a far more difficult thing to detect, and unless 
it is of a pronounced character (something unusual in the present 
state of optical glass making), it cannot be detected until the 
objective has passed the stage of grinding and polishing. 

If the density is but slightly different in the various areas of 
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the glass, it may be corrected by a system of local retouches well 
known to the practical optician; but if there is a marked differ- 
ence in the density, the disk must be condemned and returned to 
the manufacturer, as it is useless to undertake to make a good 
objective from it. 

Although this paper has grown much longer than intended, I 

must “ retrospect ” in order to make the history complete. 

After Guinand had practically perfected his discoveries, he 
formed a partnership with M. Utzschneider of Munich, the firm 
being also joined by the celebrated Fraunhofer. They estab- 
lished a factory at Benedictburn, where many disks up to 6 and 

Tinches diameter were made. At this factory the 9-inch disks for 

the Dorpat telescopes were also successfully cast, which at that 
time were considered marvels of skill in optical glass making. 

7 About this time Guinand sent a 6-inch flint disk to England, 

which was examined by a committee of savants, and pronounced 

7 very perfect. Steps were taken to investigate the subject, and 

Faraday made some very interesting experiments ; but with the 

exception of producing a variety of flint glass of very great den- 

sity, this illustrious man did not add very much to our knowledge 
of optical glass. It was not until about the year 1848 that opti- 
eal glass was made in England, and then its manufacture was 
established by M. Bontemps, who had learned the secret from the 
son of Guinand. 

After Guinand had left Bavaria and returned to his native 
mountains, Utzsehneider and Mertz continued the work at the old 
factory, where they produced the disks for the 15-inch telescopes 
of Pulkowa and Harvard College Observatories. Guinand, lavy- 
ing returned to Switzerland, started a factory of his own. After 
his death the work was carried on by his widow and younger 
son, who were in turn succeeded by M. Daguet, who made some 

excellent glass for optical purposes. In 1827 M. Bontemps, hav- 
ing formed a partnership with the elder son of Guinand, started 

a factory at Choisy-le-Roi, where, in 1828, he produced disks 

from 6 to 12 inches diameter. From this time Bontemps and 

Guinand commenced the manufacture of optical glass as a set- 

tled business; and as they were much encouraged by the scientific 

societies of France, they not only produced flint glass of the finest 
quality, but excellent crown glass, for which they received the grand 

prize in 1840. 

The elder Guinand died in 1823. His son, the associate of 
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Bontemps, died in 1851, and was suceeeded by M. Feil, who made 
the disks for many of the larger telescopes of modern times, in-_ 
cluding those for the great Lick objective. At the death of M. 
Feil, M. Mantois became his successor. 

M. Mantois has had most wonderful success in making glass 
for objectives of the largest size; for not only did he successfully 
cast the 42-inch disks for the Yerkes telescope objective, but has 
recently succeeded in making a pair of 45-inch disks for the great. 
telescope to be constructed by M. Gautier for the Paris Exposi- 
tion of 1900, 

In 1881 Doctors Schott and Abbe made a eritical study of the 
chemical and physical principles involved in the manufacture of 
optical glass, a study which has proven invaluable in developing: 
modern optical instruments. It was a wise policy which prompted 
the Prussian Government to assist these scientific investigators 
in this important research ; indeed, their discoveries have been 
epoch-making in the history of the manufacture of optical glass. 
In 1885 a factory was started in Jena which has turned out a 
large amount of splendid material, many new kinds of glass havy- 
ing been placed within the reach of the optician. 

In the year 1848 M. Bontemps was induced to leave France 
and commence the manufacture of optical glass with Messrs. 
Chance, in Birmingham, England. Since that time this firm has 
turned out many large and fine disks for objectives, a pair having 
been completed in 1855, measuring 29 inches in diameter. 

Attempts have been made to manufacture optical glass in this 
country with quite flattering suecess. The first experiments were 
made by the Lenox ( Mass.) Glass Manufacturing Company twenty 
years ago, but so far as the writer is aware they never turned out 
- any good glass. About four years ago Messrs. Macbeth & Co. 
established an optical glass factory in connection with their large 


works at Elwood, Ind., where they had abundance of natural gas 
for fuel. Mr. Feil, son of the celebrated French optical glass 
maker, was engaged by Mr. Macbeth to superintend the work. 
After many costly experiments and many discouragements this 
firm succeeded in making some beautiful glass of great purity 
and remarkably fine quality of annealing. The 12-inch disk for 
the photographic correcting lens of the Dudley Observatory was 
made from glass furnished by this firm, and a large number of 
smaller disks have also been worked from it by American opti- 
cians, for various institutions of learning. Mr. Macbeth has also 
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succeeded in making a pair of crown and flint disks, 23 inches 
diameter, of very great excellence. Surely we have the material, 
the fuel, and the skill in this country to make optical glass as well 
as the finished objectives for all our astronomical instruments. 
Lengthy as this paper has become, I confess I have only 
skimmed over the subject, passing by much which might be of 
interest, much which would make it of greater value as a paper of 
reference; but the theme in itself is too great to be treated as 
it should in a paper like this; for when we consider that it is 
through this self-same “optic glass” we have learned the marvel- 
“story of the universe,” the complete story is certainly worthy 
of a place in our annals. 
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“* Go to yon tower, where busy science plies | 


ear" Her vast antenne, feeling thro’ the skies ; 
»! 7 That little vernier, on whose slender lines 
ad 9 O The midnight taper trembles as it shines, 
oe, A silent index, tracks the planets’ march 
In all their wanderings thro’ the ethereal arch, 7 
or 


Tells through the mist where dazzled Mereury burns, 


Pr “se And marks the spot where Uranus returns.” 
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A CONVENIENT FORM OF WIRE-TESTING MACHINE 


BY ARTHUR L. RICK, DROOKLYN, 


(Junior Member of the Society 


THE use of a small and inexpensive testing machine is often 
desirable for the purpose of illustrating the action of the various: 
metals under stress, or for the testing of wire and small speci- 
mens and for the testing of small cast-iron samples in the foun- 
dry to determine the quality of the iron used. 

A description of such a machine which has been in use by the 
writer for the past year may be interesting to the Society. 

To be available, the machine must be convenient to handle and 
read, must have sufficient strength, must record the breaking 
load, and must have little or no shock at breaking. Above all, it 
must be cheap to build. 

The resulting machine is shown in Fig. 14. The spring-balance 

lial and hand wheel are convenient to each other, and the 

achine is mounted at such a height from the floor as to make 
the scale easily readable. The details of the pulling-gear con- 
struction are shown in Fig. 15. The spring balance with a 
recording hand seemed the most convenient and available 
method of measuring the load; to avoid the rebound of the 
balance, an air dash-not was introduced and has worked satis- 
factorily. The details of the dash-pot and pulling clamps are 
shown in Fig. 16. On aecount of the cup-shaped washer the 
leather on the dash-pot piston can be made so loose a fit that 
the piston will drop of its own weight, thus eliminating all 
error from friction. A small outlet with cover is provided at 
the top of the dash-pot, so that the amount of the cushioning 
can be regulated as needed. The pulling clamps are along the 
lines of the ordinary designs for small machines. 

For bending tests a yoke is arranged as shown in Fig. 17, and 
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PULLING GEAR FoR TESTING MACHINE. 
Pratt Institute, Brooklyn December i$, 1896. 
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the lower grip head is changed for a knife edge ; specimens can 
be tested either as cantilevers, by clamping one end fast to the 
beam of the yoke, or with a support at each end. 


The machine has given excellent satisfaction, is convenient to 
handle, and works well up to its full capacity, 200 pounds. The 
cost of twelve machines complete was only about $380, or $31.75 
apiece. 
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A BOILER SETTING. 


BISSELL, AMES, IOWA, 
(Member of the Society.) 
Tue sketch presented herewith (Fig. 18) shows a method used 


by the writer about two years ago for supporting a horizontal 
return tubular boiler, fifty-four inches in diameter by sixteen 


feet long. 

Two pairs of lugs of special design are attached to the sides 
of the sheil above the fire, and at a distance, to centres, of three 
feet six inches from the ends of the shell. These lugs rest on 
hangers of one-inch round iron, which are carried by nuts on 
wrought-iron saddles cut from three-by-one-inch flat bar iron. 
‘These saddles rest on I-beams. At the front end of the boiler 
one seven-inch beam is used. At the back end the saddles are 
supported by an eight-inch equalizing I-beam five feet long, 
which rests on a one-inch roller which has a bearing on a nine- 


inch I-beam. The latter, and also the seven-inch I-beam at the 
front end, rest on pairs of columns for which six-inch channel 
beams are used. Suitable castings serve as sole-plates for the 
_I-beams and as caps for the columns. 
Cast-iron plates twelve-by-twelve by one and one-half inches 
serve as foot plates for the columns. 
These plates are set perfectly level on piers of brick-work 
~ about two feet square, built independently of the boiler setting 
proper. 

Tie-rods of three-quarter-ineh round iron hold the columns to 
place at the top. Longitudinal stability is afforded by setting 
the channels into the brick-work of the boiler setting, so that the 
flanges do not project, but are flush with the wall. 

It is thought that the following advantages are possessed by 
this design over others in more general use : 

* Presented at the New York meeting (December, 1897) of the American Society 
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First, Three-point support for the boiler, by which it is freed 
from strains due to settling of the columns or setting. 


8in. I Beam | 
| 1’Roller | 
9in. 1 Beam 
I 


34 Tie-rod 


6 in. Channel 


Tin. ] Beam | 


| | 
| 
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16 ft. H.R.T. Boiler 


BISSELL 


Fig. 18. 


Second. Independence of the boiler and the setting, prolong- 
ing thereby the life of the setting and making easy the laying 
up of the new and the repairing of the old brick-work. 


DISCUSSION. 


Mr, Orosco C. Woolson.—The paper read by Mr. Bissell has 
interested me in several particulars, for he strikes at points 
which I have regarded for many years as essential in the proper 
setting of horizontal tubular boilers. I cannot agree with him, 
however, in his method of construction, and will take occasion at 
an early day to present my views in a brief paper to be read 
before the Society—if possible, at its next meeting. 
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SCREW DIE FOR THE TURRET 


BY JAMES HARTNESS, SPRINGFIELD, VT. 


| (Member of the Society.) 


Tue object of this paper is to submit for the consideration of 
the Society a description of a screw-cutting die, possessing 
certain novel features, and to mention briefly for comparison 
some of the other means now employed for the same purpose. 

Since design and dimension seem inseparable in machine 
construction, only the means employed for cutting screw threads 
within the capacity of the die will be considered, namely, from 
one-half inch to one and one-quarter inch diameter, and pitches 
not coarser than seven per inch, and any form of thread except- 
ing that one of the so-called square thread. 

This die is intended for turret-lathe and screw-machine use, 
but may be used on any, machine in which the work is rotated. 
The general features will be seen by reference to the drawings. 

The die head proper has a slight lateral and angular freedom 
of movement relative to its holder, the object being to compen- 
sate for a slight change in alignment in the lathe or machine on 
which the die is used, that takes place when the torsional strain 
of working takes up the slack of the sliding parts. 

The die head is held against the face of its holder by a spring 
pressure in order to present it to the work in a nominally cor- 
rect position. The springs allow a slight forward movement of 
the head, permitting the angular or tipping movement of the die 
relative to the holder, and also providing a means for opening 
the die automatically when the travel of the holder is retarded. 

The chasers are held in working position by an encircling cam 
which takes bearing directly over and very close to the front or 
working teeth, preventing canting of the chaser under working 
strains. The shape and dimensions of this cam make it unyield- 
ing in its control of the diametrical position of the chaser. a 
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tention is called to the absence of the usual intermediate mech- 
anism between the chaser and its prime controller ; also to the 


general compactness, which is an essential feature in a turret- 
lathe die. 

The form of the chaser teeth plays an important part in the 
free cutting and accurate leading of the die. Figs. 24 and 25 
show the difference in position of the cutting and leading teeth. 
This difference has been exaggerated in the drawing for clear- 
ness of illustration. The exact difference is very slight, but 
may be made any desirable degree by changing the proportion 
of the diameter of the milling cutter to the diameter and lead of 
the work. A milling cutter of two and one-half inches diameter 
has been used for all chasers from three-eighths to one and 
one-quarter with satisfactory results. 

As shown by the drawing, the teeth at the front of the chaser 
have a cutting clearance, while the teeth at the back of the 
chaser have no clearance, but, instead, ride on the thread and 
control the lead. This gives the cutting teeth an ideal cutting 
clearance on each side of each tooth and relieves these teeth of 
the labor of feeding to the die forward. 

So accurate is the lead-controlling feature that regular dies 
for market seldom have an error in lead greater than one sixty- 
fourth in eighteen inches, which is less than one quarter the 
average error in standard taps, and less than one-half the error 
in ninety per cent. of the engine lathes. Thus it is more accu- 
rate than the average lead screw. and always practically sure, 
being made by methods insuring invariable accuracy of product 
and most perfect interchangeability. 

The chasers are milled separately in special milling machines 
using milling cutters of large diameter, having teeth arranged 
around in circles instead of in the path of a screw-thread. 
These milling cutters are given an ideal cutting clearance in 
backing-off lathes, and after hardening are ground to a cutting 
edge suitable for taking a clean chip, so that the teeth of the 
chaser can be formed without that rubbing or burnishing which 
always accompanies the hobbing or tapping of the other dies 
or chaser, for it is practically impossible to maintain a free cut- 
ting edge on either hob or tap of small diameter. The impor- 
tance of this fact is that the hardening process does not distort 
the surface of this die, while it greatly changes the lead of 
tapped chasers or dies, because a compressed or burnished sur- 
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_ face is quick to assume a more natural position as soon as it is 
heated. 
All tapped or hobbed dies have practically four errors. 
_ First, the lead screw error of the engine lathe in which the tap 
or hob is made. Seeond, the error of hardening the tap or hob. 
Third and fourth, the double error of changing form of the die 
in hardening it, due to releasing the compressed metal, and the 
~usual hardening change that takes place at the same time. 

_ By the use of the ‘present method, all errors existing in the 
milling cutter are corrected in the milling machine, hence the 
lead is only affected by the final hardening of the chaser, which 
takes place under such favorable conditions that it produces no 
appreciable effect. 

The outcome of this scheme has not only been a more aceu- 

- rate production of the screw-thread but it has also made it 
practicable to measure a screw-thread by a reliable means. 

All that has been said of the impossibility of making correct 

leading dies by other methods is equally true of making the 

80 -called thread gauges, consisting of a piece of steel tapped 

and hardened, but sometimes furnished with a means intended 


devised. Every workman knows that one piece of work may fit 
a gauge of this kind loosely and yet not enter the tapped hole, 
and another piece of work may fit it closely and yet rattle in 
the same tapped holes owing to difference in lead and shape. 
The three dimensions of a screw-thread, its shape, lead, and 
diameter, should be measured separately, if the object of such 
measurement is to detect the error for the purpose of correct- 
ing it. The lead can be measured by placing an accurate scale 
on a screw-thread of from three to eighteen inches in length, 
according to accuracy required. The shape is best measured 
by an ordinary template; after the lead and shape are known 
to be practically correct, the diameter may be obtained by a flat- 
pointed micrometer gauge, ring or snap gauge, at the top of the 
thread. 
In practice, the place and time to correct the lead and shape 
is in the die when it is made, and then the diameter may be 
readily gauged as the screws are made, it being necessary to 
occasionally take a test of the lead as the die becomes worn. 
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BY JAMES HARTNESS, SPRINGFIELD, VT. 


(Member of the Society.) L 


Tuts paper describes a means for threading stay bolts that was 
mentioned by the writer in the discussion of a paper entitled 
“Experiments in Boiler Bracing,” presented by Mr. Francis J. 
Cole at the last meeting. 

The scheme may be briefly and perhaps completely described 
as tandem dies for simultaneously threading both ends of a stay 
bolt to insure an accurate correspondence in lead; the details of 
which may be mentioned as a means for accurately adjusting the 
relative longitudinal position of the dies, and employment, at least 
for the forward die, of some type of opening die not too great in 
length and not too inaccurate in lead, and possessing good di- 
ameter controlling features. 

The drawing (Fig. 26) shows the use of the automatic die 
described in a paper by the writer, entitled “A Serew Die for 
the Turret Lathe.” 

Both dies employed should be of the opening type, but the 
scheme would be equally as accurate if a solid or non-opening 
die were to be used in the place of the rear die. In fact, if the 
time consumed in operation were not to be taken into considera- 
tion, the front die could be non-opening and used to cut both 
ends, and in the place of the rear die a nut suitably mounted 
could be used. 


The plate to which the dies are affixed is not necessary when 
the scheme is used in the flat turret lathe, for in that machine the 
dies may be attached directly to the turret without the use of the 
plate. 

A brief consideration of the other methods and their results 
may assist in setting forth the value of this tandem die. 

Stay bolts are mostly cut by dies permitted to control their own 
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lead. Occasionally, however, a lead screw is used to govern the 
pitch of the die. The process of making the dies that have been 


-used for stay bolt threading is unreliable, as shown in the paper 
entitled, “ A Serew Die for the Turret Lathe,” and the lead screw 
scheme seldom controls the lead of the die at the beginning of 
its cut on account of the slackness of the slides and intermediate 
a chance to cut a very 


connections, hence the die usually has 


incorrect lead before the lead screw has taken up all the “ slack” 
and “ spring” of intermediate points. 

The springing of the intermediate parts is mentioned because 
a die that has become a trifle dull will offer great resistance to 


_ any means employed to vary its lead. 
The excessive clearance of a cutting die as led by lead screws 
makes the accurate maintenance of size difficult, and also gives a 
die the tendency to cut “ out of round.” 
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BY E. H. MUMFORD, PLAINFIELD, N. me 
(Member of the Society.) a 4. ao 4 @' 


Mov pine machines may be classed under three heads. First, 
machines which only ram the moulds, and, when the ramming is 
done by means of a side lever, by hand, are generally called 
“squeezers.” Second, machines which only draw the patterns, 
the ramming being accomplished by the usual hand methods. 
Third, machines whieh both ram the moulds and draw the pat- 
terns, ramming either by a hand-pulled lever or by fluid pres- 
sure on piston or plunger, and drawing the patterns through a 
plate called a “ stripping plate ” or “‘ drop plate ’— till recently 
the usual method—or without the use of this plate fitting every- 
where to pattern outline at the parting surface, the patterns 
being effectively machine guided in either case. 

It is to the third class that the machine which is used to 
illustrate the subject of this paper belongs, and which would 
seem to have enough which is novel in the application of 
machinery to the foundry to merit the attention of the Society. 

At the risk of appearing pedantic, but with a view to develop- 
ing an appreciation of the true function of the method of pattern- 
drawing used in this machine, attention is called to the follow- 
ing sectional views of moulds and ways of drawing patterns 
oceurring in machine moulding. Fig. 27 shows an ordinary 
“gate” of fitting patterns being drawn from the drag or nowel 
part of the mould by means of a spike and rapper wielded by the 
moulder’s hand after cope and drag have been rammed together 
on a “squeezer ” and the cope has been removed. Frequently 
the pernicious “swab” is used to soak and so strengthen joint 
outlines of the sand before drawing patterns, in such cases as 
this. In this case, before the cope is lifted, these patterns must 
be vigorously rapped through the cope ; an amount depending 
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(and so does the size of the casting) upon the mood and strength 
of the moulder. 

Fig. 28 shows the stripping or drop plate method of drawing 
patterns. 

In this method, the patterns are not rapped at all and are 
drawn in a practically straight line so that the mould is abso- 
lutely pattern size. 

The stripping plate is fitted accurately to every outline at 
the joint surface of the patterns, obviously at considerable 


expense, and, of course, at the instant of drawing the patterns, — 
supports the joint surface of the mould entirely. his is, at first 
sight, an ideal method of drawing patterns, and it has for years — 


eee 


“Mumford 


been the only method practised on machines. It has two dis- 
advantages. The patterns are separated from the stripping 
plate by the necessary joint fissure between the two. Fine sand 
continually falls into this and, adhering to the joint surfaces 
more or less, grinds the fissure wider. This leads to a gradual 
reduction of size of patterns on vertical surfaces and a widening 
of the joint fissure often to such an extent that wire edges are 
formed on the mould, causing, on fine work, “ crushing” and 
consequently dirty joints. A nicely fitted but worn plate of 
twenty-four pieces, which had cost, at shop expense only, $250, 
was recently replaced by a plate of twenty-eight pieces, fitted 
ready for the machine under the new system about to be 
described, for not more than $25. 

The stripping-plate method has another drawback, not always 
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appreciated, probably because accepted as inevitable. Stripping- 
plate patterns are not rapped, and there frequently occur on 
surface of patterns, remote from the action of the stripping 
plate, rectangular corners just as important to mould sharply as 
those at the parting line. Such corners have cither to be fille ted 
or “stooled” in stripping-plate work, and neither method often 
is practicable. When the entire pattern and plate are oreo fl 
so that the corners where the pattern joins the plate draw per- 


Mumford 


Fig, 28. 


~ 


fectly, as they do in the machine to be described, it is obvious 
that similar corners anywhere on pattern surface will draw 
equally well. 

The vibrating of patterns, or rather of moulds, during the oper- 
ation of drawing the patterns possesses little of novelty. Ever 
since a bench moulder’s neighbor first rapped the bench while he 
lifted a cope or drew a pattern, the thing has been done in one 
way or another. In fact, machines are now and then found on 
the market in which a device like a ratchet or other mechanical 
means for jarring the machine structure during pattern-drawing 
renders the working of easy patterns without stripping plates 


possible. 
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The idea of applying a power-driven vibrator directly to the 
plate carrying the patterns, to thus vibrate them independently 
of other parts of the machine and the flask and sand, has been 
the subject of the issue of patents to Mr. Harris Tabor, and the 


— following figures will serve to illustrate the mechanism. Figs. 24) 
aa 30 show the general appearance of the machine from the 


Fig. 29. 


side on which the operator stands. Fig. 29 shows the machine 
ready to receive the flask, the patterns being up ready for mould- 
ing. Fig. 30 shows the machine after patterns have been drawn 
and the flask lifted off. 


Briefly, the operation of the machine is as follows: The ram- 


ming head shown thrown back at the top of the machine is drawn 
into a vertical position, after the flask has been placed and filled 
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with sand. The 3-way cock shown at the extreme right is then 
quickly opened, admitting compressed air of 70 to 80 pounds 


pressure to the inverted cylinder shown at the centre of the 


cut. The cylinder with the entire upper portion of the ma- 


chine is thus driven foreibly up against the ramming head, 
flask, sand, and all. Often a single blow suffices to ram the 


mould—often the blow is quickly repeated, according to the de- 
mands of the particular mould in hand. Gravity returns the 
machine to its original position, as the 3-way cock opens to 
exhaust. After pushing the ramming head back and eutting the 
sprue, if the half mould is a cope, the operator seizes the lever 
shown just inside the 3-way cock at the right, and, drawing it for- 
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- 7 ward and down, raises the outer frame of the top of the machine, 
-_ containing the flask pins, with flask and sand thereon, away 7 
: from the patterns—thus drawing them from the sand. Just as 
: he seizes the pattern-drawing lever with his right hand, he 


presses with his left on the head of a compression valve shown 


at the left side of the top of the machine, thus admitting air to 
. the pneumatic vibrator already referred to. 


Fig. 31, a rear view of the machine, shows, at the top centre, 


with its inlet hose hanging to it, this vibrator, which is shown 
in section in Fig. 32. It consists simply of a double acting elon- 


gated piston having a stroke of about 4, inch in a valveless 
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cylinder, and impacting upon hardened anvils at either end at 
the estimated rate of 5,000 blows per minute. 

The method of communicating the rapid yet small oscillations 
of the vibrator to the patterns and yet keeping them from being 


transmitted to the rest of the mechanism is this: 

A frame, called a vibrator frame, to which the pneumatic 
vibrator is bolted and keyed, is shown in Fig. 33 To this frame 
the plate carrying the patterns, often, in cases of patterns — 


ing with the patterns, is fastened by the four machine screws, the 
small tapped holes for which are shown in the four corners. In 


fact, in changing patterns, the process consists of simply remov- 


ing these four machine screws, taking up the pattern plate and 
screwing to the vibrator frame the new pattern plate. The vibra- 
tor frame itself is secured to the machine structure by the four 
bolts, the larger holes for which are shown in the inner corners. 
These bolts are, as shown in Fig. 35, surrounded by thick bush- 
a ings. These bushings are elastic to such a degree as to absorb 
the sharp vibrations of vibrator frame and patterns, while so firm 
and well-fitted as to hold patterns accurately to their position. 
The action of the vibrator is such as to give to the entire pat- 
tern surface an exceedingly violent shiver, making it impossible | 
that any sand should adhere to this surface, while the magnitude 
. , of the actual movement of the pattern is so slight that it is found — 
to fill the mould so completely that it is impracticable to draw — 
it a second time without rapping. Yet, so truly are the patterns” 
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held, and so little disturbed from their original position, that it 
is perfectly practicable to return patterns to a mould having the 
finest ornamental surface in the ordinary practice of “ printing 
back.” 

In cases where deep pockets of hanging sand occur, which 
vannot be held during lifting off and rolling over, machines are 
arranged to roll the flask over in their operation and draw the 


patterns wp under the influence of the pneumatic vibrator, 
though, owing to the time consumed in the rolling-over process _ 


Mumford 


Fie. 33 


(and each operation counts in seconds on a moulding machine), 


this style of machine is not usually as rapid in its working as 
the simpler type, in which the flasks come off in the same way 
they go on. 

Fig. 34 shows a set of patterns as they are ordinarily fitted to 
plates for this machine. Round holes will be noticed at places 
in the plate surface. These are openings for the insertion of 
what are called “ stools,” which are shown at @G and H in sec- 
tional elevation. 

When it is found necessary to support the sand surface at 
any point, or generally, round holes are drilled through either _ 
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plate or pattern surface and loose cylindrical pieces are dropped 
into these holes, their upper end surfaces being flush with the 
plate or pattern surface and their lower ends resting on the 


Mumford 


plate called, from this use, a stool plate. This plate appears in 
Fig. 35 at A and is hung solidly by the brackets shown at B 
from the frame which carries the flasks, so that it has the same 
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upward motion as the flasks, and the upper ends of the stools 
remain in contact with the sand of the mould wntil same is lifted 
from machine. Fig. 35, showing a vertical section through a 
machine, will make perfectly clear the position and action of 
these stools. 

As illustrating the importance of being able to work without 
stripping plates on a line of work which is much more extended 


C Vibrator Frame Flask Frame 


Stool Plate Brackets DO Elastic Bushings Pattern Plate 


Munford 
Fig. 35. 
than that possible with them, we may say that a machinist 
with a drill press, supplied with split patterns and planed pattern 
plates, has matched and fixed five sets of from four to eight pieces 
in a day; and wooden patterns fitted for temporary use in the 
same way, are of frequent occurrence whev it is not thought 
wise to go to the expense of metal patterns on account of the 
relatively small number of castings to be made from them. 

It is not, perhaps, too much to say that pattern expense is not 
the final evil of the costly and not durable stripping-plate 
patterns. 
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NOTES ON RATING ELECTRIC POWER PLANTS UPON 
THE HEAT-UNIT STANDARD. 

a's (SECOND PAPER.) 

oe! 

é 4 e CL, BY WM. &. ALDRICH, MORGANTOWN, W. VA. 


A (Member of the Society.) 


THEsE notes refer to a paper +t on this subject read by the 
author before the Hartford meeting (May, 187) of this Society. 
No comparative data were given in the original paper. It was 
known that the Committee on Data of the National Electric 
Light Association had a report in preparation for the Niagara 
Falls convention, June 8, 1897. This was the fourth and 
probably the last of such valuable reports. It was deemed ex- 
pedient, rather than refer to the previous reports, to await the 
publication of the 1897 report for the data needed in discussion 
of the author's paper. 

The earlier reports of the above Committee on Data have 
been full of instructive information relating to many types of 
steam-power electric plants. In all of the cases finally reported, 
their rating has been based on watt-hours per pound of coal. 
Over three years ago Mr. F. M. Rites, at the Montreal meeting 
of our Society, discussed the data of the Washington Conven- 
tion of the Association (1894). His remarks at that time were 
so pertinent to the whole question of the economy of electric 
power plants that it will not be amiss to quote them here. 

“It is impossible that competent engineering ability should 
be confined exclusively to the manufacturing industries. 

“Tt cannot be assumed that the average intelligence of the 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the Transactions. 

+ Transactions of the American Society of Mechanical Engineers, vol. xviii., 
No. 733, “On Rating Electric Power Plants upon the Heat-Unit Standard,” by 
William 8. Aldrich. 

t Transactions of the American Scciety of Mechanical Engineers, vol. xv., No. 
599, ‘‘ A New Method of Compound Steam Distribution,” by F. M. Rites. 
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designers and operators of electric light stations is inferior to 
that displayed in establishments of different character, and yet 
the enormous discrepancy between the actual results and those 
which should be realized surely deserves some attempt at 
explanation. 

“Tt is but proper to note that the Committee has chosen the 
record of a very high duty as a basis of comparison, and that the 
nature of the exacting service of electric light and street railway 
plants precludes the possibility of a close approximation to the 
highest economy under more favorable conditions ; but these 
figures are entirely unexpected and incidentally somewhat ridic- 
ulous, considering the energy with which the last per cent. of 


efficiency of the electric apparatus is insisted on by its users. 

“ Possibly some reason for such a remarkable state of things 
may be found in the miscellaneous engineering errors which 
usually follow an ignorantly easteful policy, but these are as 
frequently met in other power plants. Perhaps, also, stations 
improperly proportioned and generally unfitted for economic 
competition may be found in the list, but these are far from 
sufficient to account for such universal failure to realize even a 
moderate degree of efficiency. 

“There seems to be but one general explanation applicable to 
electric light or railway stations which can account with any 
degree of probability for such extravagant fuel consumption, 


and that is the excessive wastefulness of the steam-enyine under 
varying conditions of load.” 

It is proposed in the present paper (I.) to discuss briefly the 
progress shown during the past four years in ihe economic per- 
formance of steam-power electric plants as summarized by the 
Committee on Data of the National Electric Light Association ; 
(II.) to show that the very low economy of such electric-light 
and railway stations is not entirely due to uneconomical engines 
and variable loads ; (III.) to present a few notes upon a further 
consideration of the heat-unit rating for such plants. This 
treatment will have specially in view the necessity for some 
standard rating by means of which the design, installation, test- 
ing, and management, as well as specifications and contracts for 
these plants, may be reduced to a satisfactory basis for advanc- 
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I.—PERFORMANCE OF ELECTRIC POWER PLANTS ON A COAL BASIS. 


From the several reports of the Committee on Data of the 
National Electric Light Association, Tables I. and IT. have been 
compiled, An inspection of these will show what little progress 
has been made during the last four years in such installations. 
In fact, the expectations of the (1894) committee seem not to 
have been realized in that they looked for much better values 
in the reports of subsequent years. It is a matter with which 
the mechanical engineer is most directly concerned. His work 
in the design and installation of even the most recent central 
station is open to criticism that cannot be applied to the elec- 
trical features of the same. Electrical engineers themselves 
acknowledge that the efficiency of the modern dynamo has prac- 
tically reached the limit set by structural and economic consid- 
erations. Mr. Rites’ remarks, quoted above, are singularly ap- 
plicable to the conditions existing at the present day. In the 
light of what he has said, the following comparative data should 
be carefully studied by the mechanical engineer. 


TABLE 


Snowrne Resutts OF Four YEARS’ PROGRESS IN THE Economic PER- 
FORMANCE OF STEAM-POWER ELECTRIC PLANTS. 


the Nat Watr-HouRs PER PouND OF COAL. 

Electric Light Assoc., Reported. 


Maximum. Minimum. Average. 


. Washington 208 91.7 
95.. Cleveland 262 5 128 
.. New York 237 : 108 
7.. Buffalo 269.5 156 
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TABLE II. 


EQUIPMENT OF THE STATIONS GIVEN IN TABLE IL, SHOWING THE MAXIMUM 
AND Minimum Economy. 


| Daily Out- | 


Year. Economy. Engines. Dynamos. 
100TSs, 


Maximum Arc, Power,and 7,971,600 C oal , Hard 
1894 - (208) Incandescent. > Screenings. 
| Minimum Are and Incan-| 80,670 Coal, 
2 descent, 


= Maximum Horizontal Water Trip. Exp. Con- Direct Con- 22,967,952 4 Soft Coal, ¢ 
(262) Tube densing. nected, Hd. Screen’gs, 
Minimum | Horizontal Tubu- High Speed Belted Direct. 2,790,565 Bitumin. Pea. 
{| (36) lar. Non-cond’g. | 


(Maximum Horizontal Tubu- High Speed Belted Direct. 3,270,392 Bitumin. Lump, 
(237) lar. Comp. Cond'g 
>’ Minimum (Horizontal Tubu- High Speed Belted Direct. 203,555 Anthracite 
(33) | lar. Condensing. Buekwheat, 
Maximum |Water Tube. Vertical Comp. Dir. Connected, ............ east 
1807 | Cond’g4-Valve Incandescent. 
Minimum |Horiz. Tubular. ..|\Comp. Cond’g. Belted to Dyn Screenings. 
(98.7 and Water Tube. Comp. Cond’g. Belted to C.“Sh. 


_ A comparison of the above with some of the best results ob- 
tained in modern mill engines has been noted by the commit- 
tee, as follows: 

Tn the 1894 report compared to the performance of the engine 
of the Chelsea Jute Mills, Brookiyn, N. Y., showing a coal con- 
sumption of 1.482 pounds per indicated horse-power per hour, 
with the load varying from 495.21 to 764.96 horse-power. If 
such a performance were possible in the central station, it should 
result in over 400 watt-hours per pound of coal, on the basis of 
the committee’s assumption of 90 per cent. for the mechanical 
efficiency of the engine and for the same efficiency in the dynamo. 
In the 1896 report the committee called attention to the 
then world’s record for steam economy as shown by the Chest- 
= Hill pumping station engine at Boston—a steam con- 
sumption of 11.22 pounds per horse-power per hour, or an effec- 
_ tive pump horse-power per hour on 1.34 pounds of coal. If the 
efficiency of the direct-connected electric generators should 
compare favorably with that of the pumps of this engine, with 
no allowance for variation in load, anthracite coal used in the 
plant with the same economy of installation should produce 557 

_watt-hours per pound of coal. 
In the 1897 report of the committee, Mr. F. R. Low, member 
of our Society, very fully discussed the several sources of loss 
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in the electric power plant, stating the discrepancies would be 
made up mainly from the following items: (1) Decreased boiler 
efficiency ; (2) lesser normal efficiency of engine ; (3) impaired 
conditions of engines; (4) unfavorable engine load; (5) leak- 
age ; (6) condensation; (7) auxiliaries; (8) heating. It is not 
our purpose to discuss this admirable report ; but there is no 
reason why every feature of installation of an electric power 
plant should not be as fully considered in design and construc- 
tion as in the case of the modern high-duty pumping station. 
In fact, it has been repeatedly pointed out that the chief dif- 
ferences are those due to the running conditions of electric 
plants, and not entirely due to sudden and wide variations of 
load. Messrs. A. G. Pierce and R S$ Hale report * of the per- 
formance of the Boston stations of the Edison companies: “ In 
our test we have finally found the variation due to causes which 
we first thought negligible, to be more than the variation due 
to the change of load.” 

In this connection it is important to notice the results of 
Mr. H. A. Foster’s analysis of the tests of twenty-two different 
power plants.+ These included manufacturing establishments, 
electric-light stations, pumping engines, etc. Plants above 200 
horse-power show a remarkable uniformity in fixed charges } 
namely, interest on first cost, depreciation, taxes, and insurance. 
The operating expenses gradually decrease in plants from 200 
to 1,000 horse-power, above which capacity the, operating ex- 
penses seem to remain remarkably uniform and quite irrespec- 
tive of load variations. The darge electric stations supplying 
many smaller industries are scarcely affected by the instan- 
taneous load changes in one or more of these particulars. 

The conclusions to be drawn from all of the preceding 
clearly indicate that the economy of the modern high-duty 
pumping-engine plant is due to a refinement of design and 
economic arrangement of the installation that has not yet been 

reached in the electrie power plant. Anything which tends to 
advance the latter industry along the lines which have been so 
clearly marked out in the development of the former, merit the 


* Quoted by Mr. F. R. Low, report of Committee on Data, National Electric 
Light Association, Buffalo meeting, June 8, 1897. 

+ Transactions of the American Institute of Electrical Engineers, vol. xiv., 
“Variations in the Cost of Steam Power,” by Mr. H. A. Foster. Paper pre- 
sented at the annual convention, July 28, 1897. mm tf 
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attention of those having such work in hand. It is believed 
that the standard heat-unit specifications and the subsequent 
contract trials of pumping plants upon this basis have combined 
to develop this industry to an unprecedented degree. 

It is not therefore too much to expect that similar standard 
heat-unit specifications and contract trials of electric power 
plants will advance this industry also along the same engineer- 
ing lines. At least the efficiencies, economies, guarantees, and 
contracts now being realized in pumping stations should be 
much more nearly approached by the modern electric power 
plant. 


Il.—PLANT ECONOMY AS RELATED TO ENGINE ECONOMY AND 
VARIABLE LOADS. 


‘ This seems to be the chief feature of Mr. Rites’ explanation 


of the very low economy of the electric power plants reported 
upon up to the time of his paper previously referred to. We 
certainly do not wish to be misunderstood as taking issue with 
this explanation; but it is apparent, from a careful study of the 
last four years’ record of the Committee on Data, that some 
very uneconomical engines have produced remarkable results in 
point of economy of operation and efficiency of installation. 
The best of engines may be poorly operated on the one hand, 
and the whole plant badly arranged on the other hand. 

We enter as Strong a plea as any one for the most economical 
engine in electric power plants; but we wish to add a further 
requirement, that there should be economic installation and 
efficient operation to produce the best all-round results in the 
course of a day, a month, or a year. We think these two feat- 
ures may possibly have produced the lowest cost of steam 
power yet recorded ; namely, $11.55 per year of 3,070 working 
hours, reported by Dr. R. H. Thurston,* member of our Society. 
The plant is at the Warren Steam Cotton Mill, Providence, R. I. 
The 1,950 horse-power “ Allis” cross-compound condensing 
engine (cylinders : 32 and 68 inches by 5 feet stroke, 74 revolu- 
tions per minute), with Heine water-tube boilers, at 155 pounds 
steam pressure, show an economic performance of 1,35 pounds 
coal per horse-power per hour. 

The question will continue to be asked: Why are not such 


* Reported by Dr. R. H. Thurston, in Science, October 1, 1897. 
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results obtainable in electric power plants with similar units ? 

Low cost of steam power or of electric power is not due entirely 

to multiple-expansion engines of the greatest individual econ- 
omy ; for in the last noted instance, as reported by Dr. Thurs- 
ton, the cross- compound condensing engine replaced a quadru- 
ple-expansion engine. 

Concerning the effect of variation of load upon modern elec-— 
tric power plant engines, it is further interesting to note that 
Messrs. A. G. Pierce and R. S. Hale state of the Boston Edison 
stations in the report previously noted: “As a matter of fact, : 
the steam per indicated horse-power in our two 200 units ell 
within 12 per cent. over a range from { up to full out-put.” 

Along the same line it is to be noted that throughout quite a 
wide range of load variation the compound engines reported 
by Mr. A. K. Mansfield,* at the recent Hartford meeting, show 
a remarkably uniform rate of steam consumption. The ques- 
tion naturally arises whether such uniformity under wide varia- 
tions of load is not more of a characteristic of compound engines 
than formerly considered by those who lay all the blame upon 
the steam engine for the poor showing in the economy of elec- 
tric power stations. 

With dynamos which electrical engineers now design and 
build, maintaining an efficiency over 93 per cent. from about 4 
load to 20 per cent. over load, directly coupled to cross-com.- 
pound condensing engines (ici us say) which mechanical engi- 
neers are designing and building, having a characteristic low 
range of steam consumption between similar limits of light load 
and over load, the question will naturally arise: Why cannot 
the two units be more economically put together, installed, and 
operated ? 


IlIl.—-NOTES ON HEAT-UNIT RATING. 


In the discussion which followed the presentation of the 
author’s paper on this subject before the Hartford meeting, as 
well as in conference with members and other electrical and 
mechanical engineers since, it will appear that the following 
points have been brought out: 

That the heat-unit, as a basis for such ratings, is both rational 


* Transactions of the American Society of Mechanical Engineers, vol. xviii., 


No. 727, ‘The Best Load for the Compound Steam Engine,” by Mr, A. K. 


Mansfield. 
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and scientific. It is, however, not in consequence the most 
satisfactory standard for use by builders, contractors, and prac- 
tical engineers dealing with this class of motive-power machin- 
ery; namely, steam engines and dynamos. 

That great differences of opinion exist as to the proper defini- 
tion of the heat-unit required for such a standard. There are at 
least four different heat-units commonly employed. 

That the present extensive and satisfactory use of the heat- 
unit for steam-pumping installations is as it should be and is 
all right in that place ; but this is no argument for its introduc- 
tion and use in a similar manner in the rating of steam electric 
plants. 

That the present way of stating the performance of electric 
power plants, however unsatisfactory, is easily understood by 
all parties interested. Chief of these, of course, is the capitalist ; 
he ean readily comprehend rating based on the coal bill. 

That the load factor, after all, has not so much to do with the 
fuel economy of the plant, as such, however much the varying 
loads may individually affect any of the units of the installation, 
such as the steam-engine. Therefore, in the large city and 
suburban steam-power and electric plants now being installed, 
there is not the necessity for such strict adherence to eco- 
nomic load factors as in the case of plants with smaller units. 

That the watt expresses the activity or rate of the electrical 
output, in joules per second. In this respect it is analogous 
to the horse-power rating of mechanical output. Hence, the 
standard rating should be in kilowatt-hours per 1,000,000 B.T.U. 
supplied to the steam used in the whole plant. 

That if the heat-unit basis is considered as the proper stand- 
ard for the steam electric plant, the whole heat supplied to the 
plant should be as carefully determined, and in the same man- 
ner, aS now in vogue for similar standard ratings and contract 
trials for steam pumping plants. 

That the boiler should be in evidence in all cases in which 
plant performance is mentioned. In the electric plant it is 
economy of installation that is desired quite as much as in 
the case of pumping plants. Why should the boiler perfor- 
mance be urgedinto consideration in the former case and not 
in the latter? If it is a good thing to introduce it in either case 
it would seem proper to do so in both cases. 

That the common rating of performance of pumping plants in 
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foot-pounds per 1,000 pounds steam would be amply sufficient 
for all purposes of rating electric plants for which the heat-unit — 
basis is advocated. This seems particularly plausible on ac- 
count of the small variation in the total heat of one pound of 
steam for quite a wide range of pressures now used in modern 
electric plants. Taking the standard temperature of feed water 
at 212 degrees Fahr., exactly 1,000 B.T.U. are required to raise’ 
the temperature and evaporate one pound of feed water into — 
steam at 77.3 pounds per gauge (92 pounds abs.). Taking this’ 
as suitable for a simple non-condensing engine, we may compare 
it with that of 150.5 pounds gauge (165 pounds abs.}, in which 
1,013.5 B.T.U. are required to raise the temperature from 
feed water (212 degrees Fahr.) and evaporate it into steam at 
the given pressure. In this case, therefore, if we adopt 1,000 
pounds steam instead of the 1,000,000 B.T.U., we make an error 
of only 1.35 percent. It is claimed that this is within the usual 
allowable errors of observation and measurements in power- 
plant tests, and that there is not enough difference to warrant 
the trouble required to obtain the performance reduced to ‘. 
B.T.U. standard. 


In this connection it is interesting to note the progress shown 


by the committee reports on data made to the National Electric | 
Light Association. In ten out of the fourteen cases sae tall 
in the report presented at the Buffalo meeting of that associa- 
tion, the “ water per kilowatt-hour at best efficiency” is noted 
for first time. As the average temperature of the feed water in 
the best stations reported is from 208 to 212 degrees Fahr., and 
the best results are shown by the compound condensing en- 
gines, we may conclude that the comparative water ratings are 
within about 1 per cent. of what such comparative ratings would 
be if based on the B.T.U. standard. 

It isa question whether mechanical engineers will remain 
satisfied with results even within this close degree of approx- 
imation, The fact has been repeatedly pointed out by elec- 
trical engineers that their system of units is altogether unique, 
is thoroughly scientific (being based upon the C. G. S. system), 
and is the only system of engineering units universally adopted. 
Mistakes are said to be occasionally avoided in the sister pro- 
fession of mechanical engineering by the insistence on the ac- 
curate use of terms and of units in electrical engineering. 
Dealers in electrical stocks and capitalists explotting electrical 
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enterprises generally have an appreciative insight into the 
- meaning of ‘eal, amperes, and kilowatts. Why should the 
time-honored heat-unit be so difficult of comprehension by the 
same class of interested citizens? 

A quarter of a century ago Maxwell wrote: ‘The conse- 
quences of this demand for electrical knowledge and of these 
experimental opportunities for acquiring it have been already 

very great both in stimulating the energies of the advanced 
electrician and in diffusing among practical men a degree of 
accurate knowledge which is likely to conduce to the general 
scientific progress of the whole engineering profession.” 


if 
a: 


IV.—PERFORMANCE OF ELECTRIC POWER PLANTS ON THE HEAT-UNIT 
STANDARD. 


Since the advance sheets of this paper were distributed, the 
author has been requested to present some examples of rating 
central stations on this standard. Though other data have been 

3° collected and reduced, yet on such short notice the writer could 
but turn to the National Electric Light Association Reports on 
Data, especially as these have been discussed previously in the 
_ body of the paper. 
In the 1897 Report, the feed-water consumption per kilowatt 
hour is given for nine of the stations reporting. In addition, 
six of these report the temperature of feed water. The two 


means of determining the total heat in B. T. U. supplied to the 
rz. = that which is required to raise all of the feed water 
_ from its temperature to that of the steam at the boiler pressure. 
‘The results are given in Table ITI. 
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DUSTLESS BUILDINGS. 


7 (Member of the Society.) q ‘ 


THE increased height of office buildings, rendered possible by 
what Otis Tufts patented as the vertical railway, while bringing 
to their occupants relief from the noise of the streets and afford- 
ing comfort by extending above the fly belt, which is as well 
defined as the snow line on a high mountain, also exposes 
the occupants to the fine dust which pervades the whole 
structure and which the other salutary conditions of the build- 
ing renders more prominent. 

The modern method of heating and ventilating such a build- 
ing is by means of a blast of air drawn down a flue, warmed, and 
forced through the building in such quantities that four times 
the volume of the building i¢# frequently circulated through the 
rooms each hour. 

This method of heating, although a more efficient application 
of radiating surface for heating the air than by direct radiation 
in rooms, and which can be managed with far less expense for 
attendance, repairs, and fuel, and provides the sanitary re- 
quisite of ventilation without cold drafts, yet distributes large 
amounts of dust through such a building ; and in a city using 
bituminous coal under the average conditions there is a fine 
‘varbon dust which is especially obnoxious, impairing draw- 
ings, books, delicate mechanism, and whatever may be injured 
by the shower of fine, impalpable dust, which produces black 
indelible smooches whenever touched. This carbon dust is 
always an annoyance and at times a serious matter. 

The writer undertook to abate the difficulty of dust in a build- 
ing of nearly 500,000 cubic feet capacity, through which 26,000 
cubic feet per minute was usually blown, for heating and ven- 
tilation. The outside air used for this purpose was drawn 


* Presented at the New York meeting Glocemahen, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the 7ransactions. 
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down a flue 37 square feet in cross section, and reached a ve- 
locity of 700 feet per minute. 

The means taken to remove the foreign substances from the 
air was by use of cotton cloth filters so arranged that the air 
should approach the fabric at an acute angle, by which the mo- 
mentum would carry these particles beyond a point where the 
element of air under consideration would pass through the filter, 
and the particles of dust would be carried by the place, and 
striking the cloth at a lesser angle, tend to glance off and be 
carried to the bottom of the filter, rather than to clog the inter- 
stices in the fabric. The area of the filters being larger than 
that of the flue, the rate of filtration was inversely slower than 
the velocity of the air down the flue. 

The means by which this was accomplished were very simple. 
A timber frame, divided by partitions into five rectangular 
openings, was placed at the top of the flue, and under each open- 
ing was placed a bag whose top was attached to a light wood 
frame slightly larger than the opening, making a tight fit, so 
that the air entering the flue must pass downwards into these 
bags, which were over thirty feet in height. An arrangement of 
guides, ropes, and pulleys enabled the bags to be raised and 
lowered by a person at the bottom of the flue. The bottom of 
each bag was made open, and closed with a drawing string, and 
a hoop kept the lower portion distended. An arrangement of 
lines extending along the sides, inside and outside, from end to 
end facilitated turning inside out and back again when they were 
being cleaned. \ 

The whole of the mechanical arrangement is fully described 
in United States patent No. 589,772. 

These bags were square at the top, where their combined area 
equalled that of the flue, but soon diminished to a cylindrical 
section, occupying about 40 per cent. of the space, thus afford- 
ing ample clearance for the exit of the air passing through the 
fabric. 

The area of the flue was 3? per cent. of that of the bags, and 
while the air passed down the flue at a velocity of 700 feet per 
minute, it passed through the fabric at 26 feet per minute. 

From half a peck to a peck per month of fine dust was gath- 
ered from the bags. 

The efficiency of the device was tested by placing freshly- 


painted boards at the bottom of the flue before the installatior 
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of the surface after the apparatus was in service. 

In the first instance the fresh paint collected fine dust until 
it resembled fine sand-paper, and in the second the paint dried 
_ with a smooth surface. 

Another means of testing the efficiency of the device was by 
placing split laps of absorbent cotton in various parts of the 
building before and after the bags were in service, and one set 


The device has been solely under the care and management of 
the men employed on the engine and boilers, and has served its 
_ purpose in rendering a building free from dust caused by the 
ventilating system. 
DISCUSSION. 
Mr. Gus. C. Henning.—I would like to ask if moisture in the 
atmosphere would collect upon those cloths so that they would 
filter less air than when the atmosphere is dry. 
Mr. Woodbury.—There is a cover over the top of the flue and 
the air enters through blinds at the sides ; during a heavy rain 
storm a certain amount of moisture would be drawn into the 


bags and collect upon the inside surface ; then it would be 
_ drawn through the cloth and carry a slight amount of fine dust 
in suspension, and the outside of the bag would be stained by 
the water trickling down. Snow scours the inside of the bags 
and removes much of the fine black dust which adheres to the 
sides until the fabric more nearly resembles black woollen cloth 
than cotton. As the lower portion of each bag is distended by 


a barrel hoop and then closed by a drawing string through 
brass rings, the snow would be removed in the same manner 


the dust. The cleaning of the bags was a problem, as the 


Afterwards they were washed with 
satisfactory results, except when they were kept in a washing 
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; of the apparatus, and then giving another coat of paint over half 
e 
change was not a notable one at first, owing to the large amount . 
i of dust previously deposited in the flues, but much of this was © 
removed by running the blower at a very high rate of speed, and 
a” afterwards removing the registers and washing them and the | 
1 
first attempt to use a steam jet inside of a bag turned wrong 
_ Bide out did not prove successful in a district where soft coal 
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machine so long that the cloth became fulled and the interstices’ 
were reduced to an extent which reduced the capacity of the 
filters at the same air pressure. 

At present a beating by a carpet beater about once in two or 
three months will probably serve every purpose in the business 
and manufacturing portions of a city using soft coal. ; 

Mr. Horace B. Gale.—1 would like to ask Mr. Woodbury what 
this dust which collects is composed of. It would be interesting 
to know what we are being saved from. 

Mr. Woodbury.—The top of the inlet flue was about forty feet 
high and situated at the rear of very high buildings, except a 
low building in one direction, and yet the fine black dust 
appeared to contain every kind of dirt known to be upon the 
surface of the streets—paper, insects, hair, cotton, wool, and 
silk fibre, chips of wood, sawdust, tar, soot, ashes, coal, sand, 
mortar, and iron, evidently from the abrasion of horseshoes 
and wagon tires. 

The specifie gravity of the dust, as gathered in a glass jar, 
was .38, and a little less than a quarter of the weight was organic 
material. 

The difficult part of the problem is the fine soot from chim- 
neys, and it appears to me that it is a mistake to carry a flue so 
high that the smoke from high chimneys is drawn into the 
ventilating system. 

If the inlet was taken so near to the ground as merely to 
avoid any hazard from sewer gases from catch basins or 
perforated manholes, the smoke would be avoided, and the 
larger amount of sand and coarse dirt could be easily screened 
from the air. 

The importance of placing an inlet flue or blower room so 
that a boiler setting does not form any part of its boundary is 
often disregarded, as under those conditions there is a leakage 
of the gaseous products of combustion through the brickwork 
and into the air used for ventilation. 

The President—We have heard of the snow belt on the 
mountains, and Kipling defines the pie belt of New England, 
but it has remained for our member to define the fly belt in 
high buildings. 

Mr, Woodbury.—I said that in all seriousness, for I supposed 
that I was merely referring to a well-known fact. It contributes 
much to the convenience of high buildings that the flies do not 
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seem to abound in the upper parts of them. It is a matter of 
general observation, I think, that they are very rare above the 
fifth floor of these buildings. 

The President.—It is a very important element in commenda- _ 


tion of high buildings. 

Mr. Henning.—I would say that we have studied that in the 
St. Paul Building. Flies occasionally come up in the elevator 
to the nineteenth floor, and when they find an open window they 
will go down. I think 150 feet is the maximum limit at which 
you will find flies, unless forced up by the wind. 
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STRENGTH OF GEAR CHART. 


BY JOHN B. MAYO, BROOKLYN, N. a6 at 
(Member of the Society.) 


In offering such a simple subject as a gear chart for discus- 
sion by members of the American Society of Mechanical Engi- 
neers, the writer feels that it is not of sufficiently high order of 
enginecring to be worthy of their attention; neither does he 
a claim any particular credit for himself. He simply offers it on 
the ground of its representing labor well spent, and its publi- 


cation would enable others to use it. 

In regard to charts, tables, and formulas in general, the writer 
is well aware that there are those who disapprove of anything 
of that nature, claiming that each case needs to be treated inde- 
pendently, and also stating that a man should be always ready 
for his work, whether he has his standard data with him or not. 
There are others who, like the writer, cannot carry all their 
knowledge under their hats, and who find it far better to reduce 
everything which they can to a system of routine, and then have 


time to spare for research in a new direction, or for going ahead 
with other parts of the work. It generally happens that a 
designer is in too great a hurry in his work to make original 
calculations if at all complicated, and if he does not have 


iceess to ready-made data applicable to his case, he is obliged 
to make a guess, or adopt that of somebody else. Either way 
is unsatisfactory, in so far as he thinks he could do better if he 


only had the time. When he does have time to work a problem 
up satisfactorily it is well if he can leave it in such shape that 
he will not have the same work to do over again. 

In April, 1893, the writer was working on gear transmission. 
He needed to get a given transmission into a small space, and it 
was important that it should be well designed. The problem 
was somewhat difficult, and had been worked on by. others be- 


* Presented at the New York meeting (December, 1897) of the American Society 


art of Vol. XIX. of the Transactions, 


of Mechanical Engineers, and forming 
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fore he started on it. He had not the benefit of a college educa- 
tion. What knowledge he had was obtained by hard stucy and 
a varied experience. He had found odontics well written up, 
but what he wanted to know was, How small would it be safe to 
make those gears for that service? On that line he found but 
little to guide him. After having determined for that transmis- 
sion as well as he knew how, he set about making a chart so 
as to have less difficulty in the future. He knew that the 
different shapes of teeth really affected the strength. This 
could be solved, but required much labor. He also knew that 
it would be better to allow different stresses in different cases 
Up to that time he had seen nothing better than such formulas 
os EP. = 50? and in applying these formulas one would need 
to use discretion with a range of about 300 per cent., judging 
from what he saw of other peoples’ work. 

On May 4, 1893, an article by Wilfred Lewis appeared in 
the American Machinist. Mr. Lewis not only wrote a very able 
essay on the subject, but he published factors for the shape of 
the teeth, thus saving any more work on that line. He also 
gave stresses to be allowed for different velocities, explaining 


his reasons therefor. This was quite an important step, for if 


the designer does not know what stresses to use he is in a worse 
predicament than when lacking other knowledge. The writer 
then adopted Mr. Lewis's figures and proceeded to make a chart 
that should enable him and others to select suitable gear almost 
by inspection. He first plotted a curve having velocities for 
abscissa and stresses for ordinates to correspond with Mr. 
Lewis's figures; then drawing an averaging curve among the 
points, he was able to eliminate the steps from Mr. Lewis's for- 
mula. The chart submitted herewith in Fig. 36 is self-explanatory 
mostly. It only needs to be said that the diagonal lines marked 
“velocity, feet per minute,” are proportional to product of 
velocity and corresponding stress. If for any reason one de- 
sires to allow a different stress than according to Mr. Lewis's 
rating, the remedy is to multiply the horse-power by a suitable 
: factor. In regard to factors given for other gear, it needs to be 
understood that if two factors apply to one gear the two factors 
should be combined. Example: A shrouded gear is neces- 


sarily a rough gear. If the shrouding of a pinion increases its 


_ horse-power 1.4 times, and a rough gear is of only 0.5 the 
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capacity of a cut gear, we have 0.5 times 1.4 = 0.7 for the real 
factor. 
Example: An electric motor is to be connected to a hoist 
by gear and pinion. The normal horse-power of motor is 25, 
and speed 800 revolutions per minute. It is series-wound, 
} and will transmit a greater horse-power for a short time. The 
hoist is suitable for this motor, but the men who may have to 
run it may want to lift a much heavier load than originally 
} planned for. This extra load will not break down the hoist 
because of the factor of safety. It would only wear it out 
faster. The gears must fill the same conditions. They must 
t not break until they are worn enough to cause their renewal on 
7 that account alone. A load which would stall the motor would 
: blow a fuse, and the safety device would hold the load; but five 
times the normal torque on the motor might pull the speed 
~ down one-half, and if the fuse did not blow, or circuit breaker 
— open, the load might be lifted at that speed. This would be 2! 
times the normal horse-power, equal to 6245 horse-power at 400 
revolutions per minute. The gear ought to be able to handle 
any load which the motor would up to the time that they become 
so badly worn as to need renewing. If we select the gear for 
62} horse-power at 400 revolutions per minute, we will be 
adopting a greater fibre stress for this excessive load than we 
would if we selected the gear for 625 horse-power at 809 revolu- 
tions per minute, the normal speed. This is proper enough, 
because the motor cannot do that amount of work as a regular 
thing, and therefore there would not be a corresponding wear. 
On the other hand, this stress is just what we would attain if 
625 horse-power at 400 revolutions per minute were the regular 
duty. If we select the gear for 624 horse-power at 800 revolu- 
tions per minute we would merely be assuming that the speed 
was constant, and that we sometimes had 25 times the normal 
torque, whereas we assumed that we might have 5 times the 
normal torque. Before proceeding we will refer to Mr. Lewis's 
stresses. He gave for the following speeds: 


Speeds 200 300 600 900 1,200 1,800 2,400 
ar 8,000 6,000 4.800 4,000 3,000 2,400 2,000 1,700 


We know that Mr. Lewis was connected with William Sellers, 
and that William Sellers built machine tools and cranes. The 


writer does not consider machine tools 
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same class. He thinks those stresses to be about right for 
machine tools, but rather high for cranes. We will, therefore, 
select our gear for 62 horse-power at 400 revolutions per 
minute approximately, and consider them so selected as proper 
for that 25 horse-power electric hoist. The velocity ratio is to be 
five,and distance between centres equals 18 inches approximately. 
We now want two diameters, which shall be to each other as 5 
to 1, and whose sum equals 2 x 18=36, 36 over (5+ 1) equals 6, 
6x 1=6, 6 x5=30, 30+6=36. The pinion will be 6 inches di- 
ameter, and the gear 30 inches. Velocity equals 400 {5 =630. 
Inspection of the chart shows that the pinion will have to be 
of steel. The table, “Factors for other gear,’ gives for steel 
2.5, §2=25 horse-power to look for in chart. If the pitch equals 
3 per inch, we have 18 teeth. The gears are to be involute 
of 15 degrees obliquity. Referring to the chart, under diagonal 
marked involute 15 degrees and cycloid, start at vertical line, 
middle of space, between 20 and 30 horse-power, jine figures. 
Follow up vertically to diagonal for 18 teeth; thence across 
horizontally to diagonal for 630 feet velocity, an imaginary line, 
between 600 and 700; thence down vertically to horizontal for 
3 pitch, and this intersection is then found on the diagonal for 
55-inch face. If only 15 teeth in the pinion and a less ratio of 
face to pitch were preferred, we repeat the operation and get 
5}-inch face, 25 pitch. If we had neglected the effect of chang- 
ing the number of teeth, we would have simply followed on past 
the 3 per inch to the 2} per inch and obtained 43-inch face. 
jut the modulus of the section for same pitch, when there are 
15 teeth, is so much less then when there are 18 teeth, that we 
have to make up for it by not reducing the face so much. We 
will adopt 5j-inch face for pinion, and 5-inch face for gear. 
The motor shaft may have | inch end play. We will now see if 
the gear can be of cast iron. Beginning with 5-inch face, we 
follow on to 25 per inch, 630 velocity, 75 teeth, and find 40 
horse-power. We- wanted 62} horse-power, but right here 
appears an element which neither Mr. Lewis’s formula nor the 
chart takes cognizance of; that is, although the velocity is 
the same for both pinion and gear, yet the wear will be about 
five times as fast on the pinion as on the gear, because the 
pinion teeth will be in mesh five times as often as the gear 
teeth. On this account, the writer proposes to adopt cast iron 
for the gear. 
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By this somewhat lengthy example, the writer hopes to have 
shown that the chart is not expected to dispense with judgment, 
but that it is a time saver and that the range of judgment 
necessary is less than by more common methods. 

The writer wishes to acknowledge the assistance he received 
from Mr. W.S. Dix, and the courtesy of the Crocker-Wheeler 
Electric Company, who were first to make use of the chart in 
its original form. 

The factors for other gear should not be charged to Mr. 
Lewis. He only supplied that for steel. (The others were 
the best the author could obtain.) If discussion should cause 
other figures to be substituted, one object of this paper would 
be obtained. | 


t+ 

Mr. Chas. L. Grifiin.—The paper by Mr. Mayo needs no 
apology for its presentation. The remarks and chart offered 
below present no new or startling method of gear design, the 

chart being less pretentious than Mr. Mayo’s, yet I feel that 
compact arrangement of data is always sufficiently valuable to 
the mechanical engineer to warrant its being rated in the same 
class with more original matter. 


DISCUSSION. 


I have for some years used in designing gears the simple 
formula W= ACF, in which JV = load in pounds at pitch line, 
(= cireular pitch in inches, /’= face in inches, and A = an 


empirical factor, ranging from 200 to 400 for cast-iron gears, 


according to conditions of service. This apparently rough and 


unscientific rule approaches to correctness when by positive 
experience the factor A’ is determined within close limits for 
any given service, and the value so found used only for gears 
subjected to that particular service. For example, suppose it is 
found that the cut gears in the hoisting train of a crane, running 
with a peripheral velocity of 1,000 feet per minute, give good 
service under a factor A = 350. A very reasonable assumption 
in future design of such gears would insert this value in the 
formula. Again, another value might be found suitable for 
; “machine tools, another for slow-speed power transmission, and 
so on. 
I realized, however, that the basing of the value of the factor 
_ purely on experience was a method which left a gear under new 
aa untried conditions without a definite figure for the factor. 
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Hence the advent of Mr. Lewis’s data, especially in its loca- 
tion in Kent’s Pocket-Book,; was hailed with satisfaction akin 
to that of Mr. Mayo. The general formula given therein is 
W = SCI’Y, and on comparison I found that if SY was equated 
to K, the old familiar formula given above would be realized. 
As I am partial to charts, I at once set about to make one, 
which might or might not have taken the form of Mr. Mayo’s, 
had not a careful study induced me to discard the idea of plot- 
ting fibre stress, speed, and factor for shape of tooth. The 
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complication seemed to me too great otherwise, and the final 
diagram showed the relation between four quantities only, viz.: 
load, pitch, face, and factor of strength. With Mr. Lewis's 
compact table at hand for values of S and Y, their product, by 
the exercise of a simple mental process, at once gives A, which 
is read on the chart. 

The chart as herewith (Fig. 37) presented was published 
under my signature in Machinery of September, 1896, with a 
short description of its use. The face widths assumed as a basis 
represent good average practice, and the proportional lines for 
modifying these widths give as great range as is desirable for 
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any possible case. When these proportional lines are used the 
factor of strength is read off the top of the chart instead of the 
side. In this way some reasonable combination of pitch and 
face for the given load and factor can readily be found. It was 
considered that the range of pitches given on the chart was as 
great as required for ordinary power work. The range of load 
and factors can be extended indefinitely by reading multiples cf 
those given on the chart. For example, a load of 2 « 2,000 on 
a 2-inch cireular-pitch gear would give a factor of strength of 
2 250. 

I think Mr. Mayo’s chart tries to do too much. For my own 
personal use it is too fine lined. Moreover, it is restricted to 
the use of the Lewis data. My chart is general, in that the 
factor can be made up at pleasure from the Lewis data or that 
of any other authority. It serves as an excellent means of com- 
paring several different authorities. 

Mr. Mayo reads his chart in horse-power, and has, I suppose, 
good reasons for it. I believe, however, the most general and 
satisfactory way to be to read the actual tooth load. The 
transformation is simple, either way, but the tooth load read- 
ing has some advantage in simplifying the chart. 

Mr. John B. Mayo.*—In view of the possible discussion of 
the stress allowed, I offer Fig. 38. 

The round dots mark the Lewis stresses. The dotted curve 
is an equilateral hyperbola, and shows by comparison with the 
round dots how near the Lewis stresses come to making the 
velocity useless in figuring the horse-power. 


That is to say: If the allowable stress were inversely as the 
velocity, we would find that in a train of gears we would get the 


high-speed gears as large as the low-speed gears, notwithstand- 
ing the lower tooth load. The other: extreme would be to 
select all gears by common formule wherein the stress is con- 
stant, independent of velocity. Such a condition would be met 
by a horizontal line. 

It has been pointed out to me that if a train of gears consist- 
ing of two pairs, each pair being of same diameter and velocity 
ratio, but the velocity at pitch line being 700 feet per minute 
for one pair, and 1,500 feet per minute for the other, were 
selected by the chart without modification, that the pitch and 


* Added after adjournment. 
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face of the high-speed pair were nearly as great as of the low- 
speed. I argued that, for work subjected to severe shock, as in 
cranes, if 1¢ were not so, the high-speed gears would be the 
first to break, for they would become worn faster, and having 
been worn an equal amount, it would be more effective on the 
originally thinner teeth. 

For steady work, as in pumps, I am now inclined to think 
that a curve like the full line will give better results than the 
Lewis’ stresses, and I hope at some future time to make a new 
chart for use in power or electric pumps. 

I think this nn improvement over that at Fig. 37. The diam- 
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eters corresponding are 6 and 30, therefore velocity becomes 
630. 

I* appreciate Mr. Griffin’s discussion, but I am disappointed 
in that no one attacked what seemed to me to be the weaker 
points. 

The efficiency of any time-saving device depends upon the 
conditions under which it is handled, and the familiarity with 
it of the persons who use it. 

I endeavored to show that while the chart was not expected 
to dispense with judgment, it did not preclude it. 

Mr. Griffin admits the value of the Lewis data, and refers to 


* Author’s closure under the rules. 
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their applicability in Kent’s Pocket-Book, and their use in deter- 
mining the factor A in his formula. 

For my own individual practice, if I desire to solve a simple 
formula, such as WACF’,1I would use a slide-rule only. But 
see how much this factor A means. It includes the Lewis 
factor Y, which varies from .154 to .052 in extreme cases, and 
from .124 to .067 in everyday cases. As this is a positive quan- 
tity and the designer cannot change it, I think, if a chart is 
used, that the factor Y should be ineluded in the chart. If, as I 
have it, included under “ No. Teeth,” no one needs to inquire 
its value. It is enough to know that whatever it may be, it is 
there, and not to be considered elsewhere. 

It seems to me that the factor AK must have a greater 
67 215 


range than 200 to 400 for 194 400 


approximately, not to men- 


tion other variables. 
It is because, for anything other than rough guess work, a 


table of factors or a chart becomes necessary to supplement 
a slide-rule that I prefer to use a chart, and when looking at a 
chart, we might as well read off the final result at once if possible. 

But complete standard data serve a yet more important pur- 


pose. They allow a chief to make use of assistants who may 
not be as well qualified to use judgment, and even for those 
who may be better qualified, it is desirable that there should he 
uniformity in details for similar machines. 

An expert draughtsman will often be slow in his work if he 
is confident that his chief will change his design when he comes 
around to look at it. 

Consistency in a chief's judgment plays an important part in 
the accomplishment of much useful work, and the giving out of 
standard data to subordinates is an efficient means to this end. 

In regard to the fine scale, I may say that original tracing is 
10 inches by 16 inches. 

I have never used teeth of 20 degrees obliquity or radial 
flanks, and, in making another chart, dispensing with these 
would allow of smaller size and larger scale. 
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THE VALUATION OF TEXTILE MANUFACTURING 
PROPERTY. 


UP 

CHARLES T. MAIN, BOSTON, MASS. 

(Member of the Society.) 

THE engineer is called upon to place valuations upon manufac- 
turing property for various purposes, as buying or selling, raising 
money upon or bonding a property, rental, taxes, insurance, ac- 
justment of losses by fire or accident, and condemnation where 
private or corporate property is taken by the State or town for 
public improvements. 

I shall confine my remarks to the valuation of textile manufac- 
turing plants, and property usually connected therewith ; but the 
same principles will hold good in the value of other properties, 
the application being made to suit the peculiar conditions of the 
business under consideration. 

The court in Massachusetts has established that the true value 
of a property is its market value, and substantially that the 
market value is such a sum as one party who has the capital, 
and who desires to purchase, is willing to pay for a plant, the 
owner being willing, but n6t forced, to sell. 

It would seem at the first glance that there should be but one 
value for a plant for any or all purposes, and that value should 
be its market value. This is the value which is most important 
of all, and upon which all other values largely depend. 


MARKET VALUE. 

Let us therefore consider, first, what is the “ market value” 
of a plant, and what elements enter into the determination of 
such a value. 

The Methods of Determining Value.—There are a great many 
who place more confidence in the off-hand estimate of the practi- 
cal business man than in a careful estimate of value by an ac- 
countant or engineer ; but if the latter combines with his careful 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the 7ransactions. 
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weighing of each element which enters into the whole plant a 
general business knowledge and a large quantity of common 
sense, the result will be nearer the truth than the off-hand value 
which has considered these elements in a general way only. It 
is not unlikely that the results might agree very closely, thus. con- 
firming the opinions and judgment of both. 

By whichever method the value is determined, there must en- 
ter into it, either consciously or unconsciously, certain fundamental 
elements which determine its value. 

Comparison with Other Properties—The prices brought for 
small pieces of property, as house-lots, houses, and such properties 
as are being sold frequently, are a measure of value for compari- 
son of adjacent and similar pieces of property; but the sale of a 
large plant is not an every-day occurrence, in fact it is a very 
rare occurrence ; and the conditions which have made the sale 
necessary, and which surround the sale, and of the plant itself, 
are usually such that the prices realized cannot be used as com- 
parative in determining the actual value of another somewhat 
similar plant surrounded by other conditions. 

Elements of Valve-—Into the market value of a plant enters 
the broad element of location, with its varying hours and price 
of labor ; skill and abundance or scarcity of operatives; cost of 
transportation of raw material, supplies, and finished product ; 

cost of fuel or power; cost of construction and equipment; and 
rate of taxation. Also the narrower and more restricted element 
of the physical condition of the plant and its relative value to a 
new plant constructed upon modern principles, and constructed 
with all regard to the economical production of a finished product 
of the best quality of the goods manufactured. The standard of 
— yalue should be a modern mill constructed as described above, 
and located so as to avail itself of as many combined advantages 
as possible. 

The ultimate value of a plant is its capability of producing a 
profit, and into the possibility of producing a profit enter all of 
the above items and perhaps some not mentioned. 


Management.—The question of management is a personal one, 
and must not enter into the problem, except so far as to make 
sure that with good management the business would be success- 
ful. The business of a large and valuable plant might be con- 
ducted in such a manner as not to realize a profit; but it might, 
nevertheless, have great value, and would bring a large amount 
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if offered for sale. On the other hand, a plant not nearly so valu-— 
able might, with skilful and close management, yield a profit; 
but if offered for sale would bring very little. Although the past 
protits of a concern will have some influence in determining its 
value, they are not a measure of its value; because a purchaser 
might by different management reverse the profit or loss, or the 
changes, real or anticipated, in trade might do the same thing. 
We must therefore eliminate as far as possible all personal equa- 
tions from the problem. 


Choice of Location.—Textile manufacturing requires consider- 
able power; the cost of labor is a large part of the value of the 
product ; the labor must be skilled to produce a satisfactory pro. 
duct; and the cost of transportation of raw materials and finished 
produets is considerable. All of these items require attention in 
estimating the value of a plant with reference to its location. If 
a new plant is to be built, all of these can be weighed approxi- 
mately ; but if an existing plant is to be valued, the relative cost 
and effect of the fixed location with that of the more favored one 
must be determined as nearly as possible. 

It is the balance of the sum of these items in favor of the South 
which has caused the rapid increase of southern mills in the last 
two or three years, and which has caused the northern cotton 
manufacturers of a certain class of goods to locate their new mills 
there in preference to the North. 

There exist there the following advantages: in some loea- 
tions, less cost for transportation of raw materials and finished 
products, low-priced fuel, low rates of taxation, longer hours of 
labor at a less price than in the North. This last item of advan- 
tage may in time, if there is a great demand for labor, adjust it- 
self, so that there will be no advantage in this particular over the 
northern mills. 

The most skilful employees in the North are, as a rule, found 
in the large manufacturing centres, and, of course, are more 


numerous there, and the concern is not dependent upon a very 


limited few for its operation. The operatives enjoy living in a live, 
bustling place, where there is excitement and entertainment, 
rather than in some quiet country place. Whether it is better for 
them or not does not enter into the question. On the other 
hand, the smaller concerns, located in the country or in a small 
town, can hire their help at a somewhat lower price than at the 
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On general principles, I should say that the balance would be 

in favor of the larger districts. 

Transportation. — The cost of transportation is more definite 
and tangible. Although it varies somewhat from time to time, it 
is not very likely that there will be any radical change unless by 
the construction of new railroads or canals. 

The weight of the raw materials and the finished product in a 

cotton mill are approximately the same, and in a woollen and 
worsted mill the weight of the finished product is less than the 
weight of the raw material, varying with the fineness of the prod- 
uct. It is desirable, then, that the mills be located so that the 
cost of freight on the raw material shall be as low as possible, 


The Sed of car ie is in some  inatiaionn a very considerable 
7 : expense. Unless the mill is located on a side or spur track, o 
a: navigable water, it may be necessary to do a large amount of 
iu : carting. This is usually one of the drawbacks connected with 
si the development and use of a water power situated at a distance 
- from the railroad. The difference in cost of teaming between a 
4 location on a branch track and a location at considerable distance 
is a definite amount, which, if known, can be used in the deter- 
a. of the value of the plant, and the extra cost of trans- 
por tation can also be treated in the same manner. 

The effect upon the values of a property of excessive charges 
for carting and freight is to reduce its value, and the amount of 
reduction will vary somewhat, according to the return which a 
man or corporation is satisfied with. I should say that, taking 
into consideration the uncertainties of the future, one would be 
warranted in making an expenditure which promised a return of 
ten per cent. on his investment. That is, if a person is consider- 

ing the purchase of a property, and finds that the extra cost of 
carting and freight would be $1,000 more a year at the fixed 
location of the mill than at many other locations which might 
be chosen for a new mill, with all other conditions equally as 
good, that he would say that he could afford to pay $10,000 more 
for a mill at the more favored location than for the one under 
- consideration; or if the mill is to be purchased with this incum- 
_ brance upon it, that its value would be $10,000 less than if situ- 
ated at the more favored location. 
The situation is equivalent to the mill having a mortgage upon 
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it which requires the payment of $1,000 a year for all time, and 
the net value of the property to a purchaser is its full value less 
the amount equivalent to the $1,000 tax. 

Centres of Trades.—There are certain localities which have be- 
come centres for certain classes of work, where skilled workmen 
in their particular trades are in abundance, and which may have 
other distinct advantages. There may be a choice between sev- 
eral centres devoted to the same class of work, the balance of the 
sum of all the advantages being in favor of one particular place. 
Into this sum enter the items explained before, and some other 
items which can be determined quite closely in money value. 

Taxes.—The rate of taxation and the method of valuation for 
taxes may afford a decided advantage to some particular location. 
This is a part of the fixed charges of the plant which is always 
visible, and which goes on whether the business goes on or stops ; 
and the value of a plant to a person free to purchase and locate 
at the place under consideration, or in any other location, is 
affected by the amount of taxes levied upon the concern. 

In the same way as for greater cost for transportation, the 
greater cost for taxes would warrant an expenditure of an amount 
which would return an income of about 10 per cent., and would 
therefore decrease the value to a prospective purchaser by that 
amount. 

Municipal Government.—A more remote item, and one which 
cannot be figured in dollars and cents, is the gengral character of 
the municipal government and its attitude towards industrial 
enterprises. In most towns or cities at the present time there 
is an attempt to attract manufacturers by concessions direct or 
indirect. There are other places which do not care to have 
manufacturing establishments within their limits, and others in 
which there is an undercurrent towards crowding the various in- 
dustries, and making them pay the largest amount of the taxes 
which they will stand, for which they, as corporations, receive 
very little direct benefit. 

Cost of Construction.—The cost of construction in one place 
may be less than in another, and the purchaser having his choice 
of locations should consider the effect of this item. Clearly, if all 
other things are equal, one could not afford to pay any extra 
charge for construction and equipment of the mill more than the 
cost at the most favored location, and the value of an established 
plant must be diminished by an amount which represents the dif- 
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ference. This sum stands for itself, with no capitalization, and is 
probably as definite as any which goes into the sum total. The 
difference can be obtained by investigation of the costs of material 
and labor, and the costs of machinery and supplies, erected and 
ready to run. 

Cost of Power.—The cost of power, which is another one of the 
fixed and general expenses of a mill, has always been a problem 
in the determination of a site. Cheap fuel is to be desired, es- 
pecially where large quantities of steam are required for other 
purposes than power. The location in which coal can be pur- 
chased at a low cost has a distinct and definite advantage in this 
respect over the location in which the fuel cost is large. Between 
mills driven by steam power alone this item can be closely esti- 
mated and the proper deduction of value made to a purchaser, or 
the amount estimated which he can afford to expend for the sake 
of getting the cheaper fuel. 

Water Power.—lt very often happens that a mill whose value 
is under consideration is driven partially by water power—very 
rarely is it driven wholly by water power—and the approximate 
estimate of the value of the power must be made. 

The value of a water power has been fully discussed by the 
writer in a paper before the American Society of Mechanical 
Engineers, vol. xiii., ceeelxxi., and will not be treated in detail 
here; but some portions will be repeated, with the conclusions 
drawn, and some further remarks made. 

It is easier to determine the value for a specific business than 
ina general way. 

The essential points which must be considered, as to whether 
an undeveloped power can be developed and used to a greater 

profit than any particular business or the general run of business 


could be conducted elsewhere with a different source of power, 
are as follows : 

Quantity of water, uniformity of flow, head, conditions affect- 
ing the cost of construction, freight charges, use of exhaust 
steam, need of water for other purposes than power, and more 
uniformity of speed attainable from steam power than from water 

power. 

The determination of the flow is not always easy. The flow 

can be measured at intervals, but a continuous record is needed 
to get at the flow with much exactness. In many places no 
records are kept which are of any value, and the only recourse is 
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to estimate the flow from the rainfall and character of the water- 
shed, and by comparison with existing records of similar streams. 

The power which has the most value is one which has a flow 
during a dry year which is nearly constant, or which can be made 
so by storage basins, and which requires no augmentation from 
other sources. Its value can be determined by comparison with 
the cost of uniform power produced in a fairly economical manner, 
at any place or places equally convenient to the place at which the 
water power is located, for the transaction of the business under 
consideration. 

The value of an undeveloped constant water power is such a 
sum as when put at a proper rate of interest, say 10 per cent., 
will pay the difference in cost between steam and water power, 
all items of cost being considered. 

A power which is variable, and which cannot be depended upon 
throughout the year, has of course less value than one which is 
constant. In such a case the items for consideration are : 

The maximum, minimum, and average quantity of water, and 
length of time when there is no water; all the other items which 
enter into the valne of a uniform power; necessity in nearly all 
cases for a supplementary steam plant, with the expense of main- 
tenance and running for a portion or all of the time. 


The value of an undeveloped variable power is little or nothing 


if its variation is great, unless it is to be supplemented by a steam 
plant. It is of value then only when the cost per horse-power 
for the double plant is less’than the cost of steam power under 
the same conditions as mentioned for a permanent power, and its 
value can be represented in the same manner as the value of a 
permanent power has been represented. 

To determine the market value of such a power which has been 
developed, it will be necessary to consider the power by itself, in- 
dependent of the plant; that is, to determine first the value of the 
power as though it were undeveloped, and then to determine the 
value of the improvements. The sum of both will represent the 
value of the power as developed. 

It might happen in some cases that the value of the privilege 
would be a minus quantity, but that the value of the improve- 
ments more than offset that, thus making it of value in the devel- 
oped state. 

The cost of developing a power originally will not always repre- 
sent the value of the improvements, except in so far as it relates 
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may cost to develop twice as much as another of equal power, 
the difference in cost being due to difference in head or some 
other natural cause ; but, all other things being equal, the one 
which cost double has no more value than the other, because it 
produces no more. 

The value would depend largely, however, upon the character 
of the work done and the cotsiiition of the han, canal, and wheel 
plant. If any portion required renewing soon, the value would 
be lessened ; and if a general renewal of all the plant were neces- 
sary, the value would then be practically the same as though 
were undeveloped. 


depreciation which had taken place; or, better, upon the number 


of years which it would run without renewing. 

The value of the plant will be its cost, less depreciation, up 
to the point where the cost of water power equals that of steam 
power; for it would be justifiable to make an expenditure up to 
an amount which would give as good financial returns as any 


other source of power. Beyond this point, when water power 
costs more than steam power, the value of the improvements 
would not be represented by their cost. 

The value of a developed power is as follows: If the power 
can be run cheaper than steam, the value is that of the power 
plus the cost of the plant, less depreciation. If it cannot be 
run as cheaply as steam, considering its cost, ete., the value of 
the power itself is nothing; but the value of the plant is such a 
sum as could be paid for it new, which would bring the total 


: That is, it is worth just what can be gotten out of the 
plant, and no more. 
_ Although the water may have no value for power, it may 


have considerable value for dyeing and washing purposes, and 
its value for these purposes can be based upon the charges 
made for such water in manufacturing centres where the water 
is suitable for such purposes. 

If low-pressure steam is required for heating purposes, and 
exhaust steam can be used, the heat thus saved should be ered- 
ited to the cost of coal for running the substitute plant, and the 


to the character of the work done. Considering tle work properly 
and substantially done, the value of that work immediately after 
completion may not be represented by its cost. A certain power 


The actual value of a plant would depend upon the amount of 
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cost of attendance should be proportioned between cost of 
power and cost of heating. 

In order to have a standard of value for comparison of costs, 
it is necessary to estimate the cost of producing a constant 
power by water alone, if the water power is constant, such as 
that at Niagara Falls, on the present development for power, or 
by water power supplemented by steam power at such times as 
are necessary to produce a uniform power, and to compare this 
with the cost of producing a constant and equal amount of 
power by steam alone. There may be some exceptions to this 
rule where the power to be used is not required to be abso- 
lutely constant, as for a saw mill, grist mill, and certain kind of 
paper mills, where a large stock of pulp is ground up in the wet 
season and stored for use in summer. 

In nearly all cases to be considered, the power is variable, 
and no true comparison of its value can be made until it is made 
constant by some supplementary power, at least for textile manu- 
facturing, which requires a uniform power. It is the result of 
omitting this important factor in the value of a water power which 
causes the values given oftentimes to appear beyond reason. 

In estimating the damages by reason of diversion of water 
power, it is customary to capitalize the difference in cost in 
favor of water or against steam power at about 5 per cent. This 
damage has been done against the owner's wishes, and he is en- 
titled to a capitalization at a smaller rate than would be done 
in an investment where the purchaser is of his own free 
will assuming certain risks, as damages caused by freshets, 
which he will not assume for nothing. He is also basing his 
comparisons upon the steam plant with its present efficiency. 


For these reasons the difference in favor of water power should 
be capitalized at not less than 10 per cent. 


It is not impossible that some cheaper source of power may be 
discovered, thus destroying our present standard for large powers. 
For small powers we already have the gas, gasoline, and oil en- 
gines, and in some places electric power can be bought. Any of 
these may be used as a standard of value if adapted to the work 
aud circumstances. 


PHYSICAL PROPERTIES AND VALUE OF A PLANT. 


The valuation of property as made by different individuals will 
vary according to their ideas of the proper return to be obtained 
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from such property, and upon their judgment as to the proper- 
amount of depreciation to be allowed. In determining such a 
valuation, comparison must be made with the cost of a new and 
model plant, and between the costs of operating the old and new 
__ plants in so far as the organization of the old plant is detrimental 
7 to economical running, when such poor organization cannot be 
‘yeotifie d. When it can be changed to a proper organization, the 
cost of making this change must be deducted from its value if 

~ such defeets did not exist. 
The value depends primarily, but not necessarily, on the first 


excessive at the time of its inception; nor necessarily upon the 
first cost to-day of a plant identical to the one under considera- 
tion; for a smaller plant, owing to improvements, might be in- 
stalled to-day which would produce the same results as the one 
7 under consideration. The first cost to be used in comparison, 


in pase and Sasdiae as the one under consideration. 


Buildings.—The value should be determined by comparison 
with the cost to-day of a new structure with all the modern and 
: improved ideas with regard to style of construction, large amount 
of window area, arrangement and size of rooms and buildings 
with reference to convenience and cost of operation and space 


A mill or building with the old style of joisted construction, 
with low stories and small windows, and with a large number of 
small rooms, even if new, would not have the value of a modern 

mill building, with higher stories, large percentage of window 
area, and large, clear floor areas. 
To get the selling value of a building, the cost of a new and 
-modern building should be depreciated : 

First. For the difference in style of construction. 

Second. For lack of light, which makes it necessary to produce 
more artificial light. 

Third. For the amount of floor space which is unavailable, due 

to the subdivision of the space or to the style of construction. 

Fourth. For the increased cost of operation due to inconve- 
nience of arrangement of rooms or buildings. 

Fifth. For the increase in cost of insurance over that on a 
modern mill. 

Besides the actual cost of producing artificial light where it is 
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dark, which can be estimated, there is a loss due to a little less 
production, also because the production is not fully equal in qual- 
ity to that made where there is plenty of daylight. 

The amount of this depreciation for the difference in style of 
construction would vary, decreasing as the building approaches 
in strength, form, and convenience that of a modern structure. 
The depreciation for lack of light can be determined if it is 
known how much more artificial light must be burned, and the 
extra expense of the same, and capitalizing this at the proper rate 
of interest. The depreciation for inconvenience and extra cost 
of running could be determined if the extra cost of running is 
capitalized at the proper rate. The depreciation for unavailable 
floor space is just the percentage which cannot be used. The 
depreciation on account of higher insurance rates can be esti- 
mated by ascertaining at what rate the factory insurance com- 
panies would take the risk with buildings constructed according 
to their ideas, and to find the difference between the cost of 
insurance on the old plant and the new one. This difference 
would represent interest on a sum which one could afford to lay 
out on new buildings, or the sum which the old buildings should 
be depreciated on this account. 

The proper rates at which to capitalize these amounts would 
vary according to the idea which a person might have as to a 
satisfactory return for money expended. It is safe to say that 
any one would be willing to make an expenditure towards a new 
building which would retufn 10 per cent. gross on the invest- 
ment. If an old building is replaced by a new one, the charges 
for taxes, insurance, and depreciation will be no more, and proba- 
bly less, than for the old building. 

From the above it appears that, if the extra expense in total 
cost of running due to the inconvenience of the building is 10 per 
cent. of the cost of new buildings, the buildings are valueless for 
the purpose to which they are put, because an expenditure for 
new buildings would return 10 per cent. on the investment. 

It might be possible by certain changes to make the buildings 
as light and convenient as modern buildings, and if new, they 
would be equal to the cost of such modern buildings minus the 
cost of making the changes. 

After determining the value of the buildings, if they were new, 
according to the above method, there remains to be applied the 
depreciation from age. This to a certain extent must be an arbitrary 
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quantity, but based upon the average life of buildings of the 
character of those under consideration. It would seem that one per 
cent. a year is little enough for brick buildings substantially 
built, credit being given for any extraordinary repairs, renewals, 
or additions. 

We must not lose sight of the fact that, although a building 
may not at the end of 100 years be completely worn out, the 
character of the business may so change that the buildings are 
not adapted to it, and that they will be rebuilt, as we have seen 
the older buildings replaced with new ones of different style. 

The depreciation of wooden buildings is greater than brick, 
depending upon the purpose for which they are used. Buildings 
which are kept dry, and not subjected to much wear and tear, 
would, if well built, last a hundred years; while wooden dyehouses, 
subjected to steam and wet, will not last over, say, twenty-five 
years: 

The length of life depends largely upon the care which has been 
given to repairs. If the roof is kept in good condition and wood- 
work well painted, the depreciation is less than if no care is 
taken. 


If any marked renewals have been made, credit should be given 


for them. A whole new floor or roof may have replaced an old 
one, thus making that portion practically as good as new. 

The first cost of a modern mill is the measure of value for the 

building under consideration, and not the first cost of this particu- 
lar building; for the building may have been built in a very 
expensive way, highly ornamental, or in a location which caused 
very expensive foundations. None of these extra costs add any- 
thing to the productive value of the plant, and therefore must be 
sunk out of sight. ; 

The large first cost of a concern may be a heavy burden for 
it, as the fixed charges must go on in larger amounts than they 
should, and it may be that not until this extra cost is charged off 
the books, or the capital shrunk enough to bring the charge against 
the plant on an equality with other mills, that a profitable busi- 
ness can be done. 

Land.—The value of the site will vary in different places, and 
under different circumstances. In some cases certain restrictions 
are placed upon the land in connection with the water rights, and 
the value of the land itself cannot be separated from that of the 
water rights. The value of adjacent and unrestricted land is no 
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guide to the value of the site. Its market value by itself might 
not be a very large amount per square foot. 

In some cases the town or city grows around a site and the 
value of all surrounding land is increased. The value of the mill 
site, however, has not increased for the purpose to which it is put, 
and it is of no more value for manufacturing purposes than a site 
in the suburbs, if other things are equal, instead of being in the 
congested portion of the city. To a purchaser who wanted the 
plant to run, its value would be no greater than if it were located 
where land was cheaper and other things equal ; but if the whole 
property were so run down that a purchaser intended to dismantle 
the concern and get what he could out of it, the land might 
then be figured at greater value; but this sort of valuation is 
beyond the scope and purpose of this paper. 

Water- Power Plant.—The value of the plant varies extremely 
with different conditions which govern the first cost, and with the 
character of the work done. The effect of the head, length of 
dam, length of canal, distance from canal to river, etc., increase 
or decrease the cost of construction. Very much better work is 
done in some places than in others, which increases the value 
and decreases the depreciation, so that no general rule can be 
given to cover all cases. The plant must be considered not 
alone, but in connection with the privilege, each being dependent 
upon the other, and each affecting the value of the other, as 
described in the earlier part of this paper. 

For the water-wheels themselves, the average life of the wheel 
ts probably about twenty-five years, while the casing might be 
allowed to outlive two wheels. Iron or steel penstocks, if taken 
eare of, should last probably 100 years, but wooden feeders under- 
ground will not last fifty years. Wooden flumes, gates, and 
racks which are exposed to the weather will last about twenty 
years. Some wooden dams have lasted a great many years, but 
they are apt to get washed away in freshets. Stone dams, if 
properly designed and well built, will last for hundreds of years. 

The market value of the wheels would depend somewhat upon 
their efficiency, independent of their physical conditions; for it 
might pay to replace them, if water is expensive, by wheels of 
higher efficiency. The vertical wheels with bevel gears will not 
produce as much net horse-power per cubic foot of water as the 
horizontal wheels; and with the horizontal wheels the extra 
expense and danger of breakage of gears is avoided. 
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Steam-Power Plant.—The value of the steam-power plant will 
depend upon its character and its condition; and its condition 
depends very largely upon the service which it has rendered. 

With good water and good care, running about twelve hours a 
day, the life of a boiler should be about twenty years, or the 
depreciation five per cent. a year. Slow-speed engines, running 
ten hours a day, can be estimated as having a life of about twenty- 
five years, or a depreciation of four per cent.a year. High-speed 
engines are much shorter lived, and will not average over fifteen 
years, or a depreciation of about seven per cent. a year; and often- 
times it is greater when run ten hours a day. The depreciation 
when run twenty to twenty-four hours a day is correspondingly 
greater. Boiler settings and piping should be included with the 
boilers, and engine foundations and piping with the engines. 

The life of economizers varies with the initial temperature of - 
the entering water from about ten years up to forty. 

The proper type of engine to use depends upon the use which 
ean be made of the steam after passing the engine ; and if the 
most economical plant commercially is not installed, the pur- 
chaser must make such allowances as will make good to him the 
difference in running expense over and above what a new plant 
would cost him to run. 

The proper type of engine for mill work has been discussed by 
the author in a paper read before the Society, vol. x., paper ceexiii.* | 

If steam is to be used for power exclusively, the compound 
or triple-expansion engines of proper designs are the most 
economical, and for mill work the compound is the more common 
of the two. 

If more or less low-pressure steam is required for other pur- 
pose than power, this type in a special form can be used to 
advantage, except in such cases as require nearly or quite the 
same amount of low-pressure steam as would be exhausted from 
an engine producing the amount of power required. Such a con- 
dition as this might exist where small amounts of power and 
large amounts of low-pressure steam are required, as in a dye- 
house or printery, or in case a portion of the power is produced 
from water, and the other portion from steam, the power of the 
latter being such as to supply the required amount of exhaust 
aes the various purposes to which it is put. 


‘On the Use of the Compound Engine for Manufacturing Purposes,” vol. x., 
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In such cases as these it would be absurd to add a condensing 
cylinder to the engine, and then supply the low-pressure steam 
direct from the boilers, through rgducing valves. ‘he proper type to 
use here would be the simple or compound non-condensing engine. 

Between these two extremes, of steam used for power only, and 
an amount of low-pressure steam used equivalent to the whole 
amount exhausted from the engine, lie nearly all the cases of 
ordinary practice. 

If an amount of exhaust steam can be constantly used up to 
about 75 per cent. of the whole amount exhausted from a high- 
pressure cylinder of a compound condensing engine, the most 
economical plant to put in would be a special form of compound 
condensing engine taking this steam from the receiver; but if 
more than 75 per cent. of the exhaust could be used for heating 
purposes, then the proper type would be the non-condensing. 

If the amount of exhaust steam used were a variable amount, 
but averaged more than would allow for equal cylinders on a com- 
pound engine, the proper type of engine to use would still be the 
non-condensing. If the average of the variable amount fell be- 
low that amount which would allow for equal cylinders on a com- 
pound, then the proper type to use would be the compound con- 
densing engine. 

There is one advantage of the compound condensing over the 
non-condensing engine with variable amounts of exhaust steam 
used ; viz., the low-pressure cylinder, being arranged for a vari- 
able cut-off, can control the variation, thus making use of all the 


steam, decreasing the amount used in the high-pressure cylinder, 
and preventing any wasteful and unpleasant blowing-off of ex- 
haust steam. 


The practical limit of the average proportion of exhaust steam 
which can be used and still employ the compound system, when 
the quantity required is variable, is when that proportion requires 
equal cylinders on the compound engine; and this limit is estab- 
lished by the ability to control the steam exhausted from the 
high-pressure cylinder. 

As to the boiler plant, there are several types and forms which, 
under proper conditions of setting and working, will give almost 
equally good results. In these days of high pressure, one would 
not want to pay full price for a plant on which he would be lim- 
ited with regard to the pressure, provided this were to be cut 
below the economical point for the particular plant. 


| 
138 | 
7 
2-6 
| 
i 
‘ 


THE VALUATION OF TEXTILE MANUFACTURING PROPERTY. 


Machinery.—The two most important things which determine 
_ the market value of niachinery are: 

First. Its comparative ability t> turn out a product in quantity 
quality equal to that of the most improved machines. 
Second. Its actual condition with respect to wear and tear. | 

Although a machine may not be worn out, or even may have — 
been run but very little, it may be unprofitable to run, because 

a machines have been introduced which do so much more or 


much better work. These machines may be used to advantage 
in some other concern, and may on this account have more value 
than scrap. Parts of machines have been improved so that these 
portions may be changed while leaving a portion of the machine 
as before; as for example, cotton-spinning spindles, so that de- 
preciation might be applied to a portion of a machine instead of 
to the machine as a whole. . 
The depreciation for actual wear and tear will vary with the 
severity of the work done, speed of the moving parts, the care 
taken in the running, and the amount laid out in repairs. 


| 


It seems to me impossible to separate the depreciation from 
wear and tear altogether from that due to improvements in arriv- 
ing at its present value, and it is customary to treat them in a 
general way, allowing a definite depreciation to cover both. 

Any concern which does not lay aside at least 5 per cent. of the 
total value of its plant if new, and apply the same at intervals 
towards the renewal and improvements, will find itself at the end 
of twenty years in a position not able to compete with success 
with modern equipped concerns, and it will be necessary to make 
radical changes at great expense, calling for new capital. 

It is often stated that there is no depreciation during the first 
year of running ; that the machinery will do better work after it is 
limbered up and adjusted than when it is set to work. As a mat- 
ter of fact, depreciation does begin immediately, although not per- 

ceptible. After the first year, depreciation is charged sometimes at 
a uniform rate of 5 per cent. over all the machinery, due allowance 
being made for any renewal of parts outside of ordinary repairs. 


I have used in several cases a depreciation of 5 per cent. up to 
the dressing-room, and 4 per cent. for the dressing-room and be- 
yond. This view has been presented to me by a member of the 
Society, that after the first year the depreciation should be 
marked off 5 per cent. to 10 per cent. a year until the value is 


_ brought down to one-half the original cost; then to maintain its 
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value about level for a while, until it becomes apparent that it 
would soon be profitable to replace the machinery, when the de- 
preciation goes on at a more rapid rate. This method may be 
proper for a mill to pursue in its own book-keeping, but it is not 
quite definite enough in making up a valuation for purcliase, ete. 
It is sometimes the case that some of the machinery is older 
than these rates would allow them to be in existence, but they 
may be still there, perhaps for the same reason that the bridge 
remained which the engineer had figured could not hold up its 
load. When asked how he explained the fact that it did stand up, 
he said that the only reason that he could give was that it stood 
from force of habit. Some machines remain and do work long 
after it would be profitable to replace them. The value of such 
machinery to a purchaser is practically nothing, except that it 
may complete the organization of the mill and allow it to run 
until itcan be replaced by new machinery. 

If a sinking fund is created for replacing the machinery, 3 per 
cent. of the cost would replace it in twenty-four years. There is 
ustially some value to machinery in a mill, even if the property 
were to be dismantled ; but old machinery has no value except for 
scrap, which is very small, as the cost of taking down is about as 
much as the value of the serap. 

Shafting, Belting, and Piping.—In an ordinary white mill it 
known approximately how much these items should amount to if 
new. It is possible that more than is actually needed to do the 
work has been installed, and although the cost may have been 
more, the value would be no greater than if the proper amount 
required for a modern mill had been installed. In fact, it may be 
a detriment to the mill to have more shafting and belting than is 
required to transmit the power in a well-designed mill, inasmuch 
as more power is required to drive the mill than would be re- 
quired with a more simple arrangement. 

In a mill which is not a plain mill, the safest way is to make a 
schedule of all shafting, belting, and piping, and to make an ex- 
amination to see if they are of the proper size and strength, or if 
they will require replacing, and to see if the bearings for shafting 
are such as to produce a minimum of friction and maximum 
economy of oil, and to see if it is worn. With belting, if a mill 
has been running for some time, it is customary to place its value 
at one-half the cost if new, for the machine belts are being 


renewed occasionally. With piping the examination should be 
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-made to see if the steam pipes are proper for the most economical 
method of heating, or if they would have to be replaced, and if 
the pipes for hydrants and sprinklers themselves are such as 
would be approved by the factory insurance companies, or 
— would have to be replaced, and to see what the condition of the 
_ pipe is. It should also be noted if the steam pipes are properly 
covered to prevent radiation. 

Supplies.—It is also known about how much is required to 
equip a new mill with supplies, but probably the safest way to 
put a valuation upon these is to make a schedule and note the 

general condition. It is customary to call the value of supplies 
one-half their cost new, as they are constantly being renewed, and 
that is probably as good an average value as could be given for a 
mill which had run for some years. 

In most cases it would not be necessary to schedule shafting, 
belting, piping, and supplies, but it would be near enough, and 
within the limits of error on the larger items of value to treat 
them in a general way. 

The Mill as a Going Concern.—T here is a special value attached 
to a mill which is running and in which the purchaser might im- 

-mediately commence work. There is considerable expense in- 
curred in starting up a mill which is idle, and a large amount of 
expense in building, equipping, and organizing a new mill, which 
is not fully realized until paid for. The purchaser is able to 
begin immediately to manufacture and to realize a profit in good 
time. All of these things are in favor of an existing plant. There 
s also the advantage of investing less capital at the start, and if 


i 
the arrangement and organization are such as may be improved 


and modernized, these improvements can be paid for out of the 
earnings instead of from the capital. On the other hand, if the 
capital can be obtained, it may be wise to be liberal in its ex- 
penditure and to begin as quickly as possible to reap the full 
benefit of the new and up-to-date plant. 
. A concern which is doing a good business and has an estab- 
_ lished reputation for making desirable goods, whose trade marks 
- and tickets give the goods an advantage over others not so well 


. . which must be considered. This advantage may be only transient, 
and will exist only so long as people can be made to believe that 

_ these goods are better than others. 
If the valuation of the plant has been very conservative on the 
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books of the company, and the depreciation has been liberal, it 
is probable that the actual value of the plant is more than that 
shown on the books, and a re-valuation at the time of sale may be 
very desirable. 


VALUATION FOR BONDING OR RAISING MONEY. 


This value should be based upon the market value, but no 
more money should be borrowed or loaned than the amount 
which the property would bring at a forced sale, and this value 
is likely to be considerably less than the market value. 


VALUATION FOR RENTAL. 


About the only portions of a plant which are leased are the 
land and buildings and the power plant. More often this is 
limited to a portion of a building with power and heat furnished. 
In nearly all cases the lessee farnishes his own machinery. 

The problem which presents itself to the lessee is whether it is 
cheaper for him to build, if he has the capital or can borrow 
it, and maintain a plant of his own, or pay for rent and power, 
which requires a smaller expenditure of capital and less care, and 
affords an opportunity of testing the desirability of continuing a 
business or not, without so much chance for loss. 

The problem which the owner has to solve is to get enough 
rent to cover all the fixed and other charges against the plant, 
and to receive a net return as interest on his investment which 
shall be satisfactory. The gross income must be large enough to 
cover the occasional loss of rent when portions are not occupied, 
and possible loss of a small amount by non-payment of rent. 

Buildings and Appliances.—Property intended for this purpose 
should be built subtantially, but with no outlay above what is 
necessary to provide a convenient and suitable place to work ; 
for the lessee cannot afford and will not pay rent to cover the 
charges against a very expensive plant when other places may 
be obtained at a cheaper rent. The same principles which govern 
the value of a building for sale, with reference to light and 
convenience of working, determine its rental value. The con- 
venience of side tracks for receiving and delivering goods, of 
hoists or elevators for handling goods, the size and arrangement 
of buildings or rooms for the convenient and rapid progress of 


the work, all increase its rental value, and they save so much to 
the lessee. 
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The age of the buildings does not affect the rental value 
appreciably if the condition is good and the accommodations 
equal to a modern building, for the lessee is not the one who 
must make the renewal at the end of its life. If, however, the 


. . . 
lessee is, as a part of his rent, to make all the necessary repairs, 


the age might have some effect upon the rental value. 

Power.—The rental value of a power plant depends upon its 
character and efficiency to produce power cheaply. 

The cost of producing power in small amounts is very much 
greater than in large amounts, and the amount which the lessee 
should pay may be obtained in comparison with the cost of pro- 
ducing the amount of power required with a reasonably efficient 
plant with steam power or by some other means. Thus, suppos- 
ing the power to be rented is water power and plant, its value can 
be determined by estimating the cost of producing a uniform 
power by water power, supplemented by steam power if neces- 
sary, and comparing the cost of producing the same amount of 
power by steam power alone, in each case adding such charges 
as the lessee is to assume. The difference, if in favor of the 
water power, will represent the value of the power for the length 
of time the estimated cost covered. 

If the power plant be a steam plant, it is possible that it has 
no rental value ; that is, it may be so wasteful that it would pay 
to replace or change parts of it to bring it into an economical 
state. If it is an economical plant, and is to be run by the lessee, 
he should pay such rent as will cover depreciation and a fair rate 
of interest, and assume repairs, insurance, and taxes, or pay 
enough rent to cover them. 

In the same way, if power is sold the lessee, the proper amount 
to pay per horse-power per year will vary with the amount which 
he requires. 

The problem of a fair price to be paid for water to a water 
company which owns and operates the water rights, and leases 
water to persons or corporations who use it in their wheels, and 
power plants connected therewith, is not an uncommon one. 

This subject has been treated by the writer in a paper on the 
“Cost of Steam and Water Power,” which may be found in the 
Transactions of the American Society of Mechanical Engineers, 
vol. xi., p. 108, paper eeelx. 

In that paper the costs of power in large amounts were com- 

ve pared. Since the time of writing, the cost of plants and the 
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charges for water have changed somewhat, but the comparative 
results given are not far from correct for the locations under con- 
sideration. 

As the amounts of power are smaller, the cost of producing it is 
larger, and therefore a larger price per horse-power per year 
must be paid. 

The charges for small amounts of power seem to vary from 
fifty dollars to one hundred dollars per horse-power per year ; 
but each case should receive its careful attention. 

Sources of Power.—There are now more sources of power than 
there were a few years ago. In cities of fair size electric power 
can be had, which is very convenient and requires very little care. 
Where gas is reasonable the gas engine can be used with a good 
deal of satisfaction, especially where the work to be done is inter- 
mittent. Gasoline and dil engines are now used with satisfac- 
tion. All of these sources are measures of value, and the one 
which presents the most advantages with the least cost is the one 
to adopt, if not tied down, or is the standard on which to estimate 
other values. 

With the use of the steam engine the exhaust can often be used. 
for other purposes, and thus the expense to power be reduced. 

Land.—The rental value of land for certain purposes of manu- 
facture cannot be more than other land equally adapted to the 
same purpose, unless it has some peculiar advantage of location, 
such as convenience to railroads, nearness to other mills to b 

supplied with the product of this mill, a" 


VALUATION FOR TAXES. 


Taxable Value.—The Public Statutes of Massachusetts, Chap. 11, 
Art. 45, state that the assessors shall make a fair cash valuation 
of all the estate, real and personal, subject to taxation therein. 
We have already discussed the general and broad items which enter 
into the market value—of location, with its varying conditions of 
labor, cost of transportation, cost of power, etc. It seems as 
though this definition of the cash value as the taxable value did 
not intend that assessors should consider the plant in the same 
light that a purchaser would, for the reason that the earnings 
cannot be included in the assessor’s investigation, while they are 
the all important item to the purchaser. 


The average assessor knows but little about the physical quali- 
ties, to say nothing of going into the estimate of all the items 


ALUATION OF TEXTILE MANUFACTURING PRO! 139 ' 
| 
4 
i) an 
4 
4 


140 THE VALUATION. o MANUFACTURING PROPERTY. 


which make a mill more or less profitable than other mills 
located elsewhere. 

it is not at all improbable that some mills which are running at 
a loss, or making a slight profit, would be better off to abandon 
their present site and move their machinery to some more favor- 
able location. 

It may have been that when such a ruling was made the choice 
of locations was not as wide as now, and that it was intended not 
to consider such broad questions as must be considered by a 
purchaser, and which to him might render a property of no value 
to purchase, and yet it might represent a large amount of 
property. 

It would seem, therefore, that in considering the taxable value 


of a mill, the assessors must ignore the broad questions of labor, 


location, transportation, ete., and confine themselves to the phys- 
ical condition of the plant existing at a certain place, which place 
is assumed to be advantageous to the carrying on of the busi- 
ness. Even in this limited consideration they cannot be as 
severe upon the plant as a purchaser would be. 

For example, suppose that the looms in a mill are old, and so 
constructed as not to be able to run at anything near the speed 
and production of modern looms, and that the price of weaving is 
consequently so much higher than on modern looms as to wipe 
out what would otherwise be a fair profit on the goods. <A pur- 
chaser taking this into consideration would say that the looms 
were of no value ; but, unfortunately, they are in the mill, and if 
the company prefers to keep them, they are taxable property, and 
the company is unfortunate which possesses much of such prop- 
erty to be taxed. 

Reduction in Cost of Construction, —The cost of construction 
and machinery has been considerably reduced in the last few 
years. The old high and narrow mills have given way to wider 
mills of a less weber of stories. The walls and foundations 
are very large items in the cost of construction, as they cost 
nearly as much for a narrow mill per foot of length as for a wide 
one, and even more, considering the less thickness and size of 
foundations required for the lower mill. The cost per square 
foot of floor area on this account is largely diminished. The 
cost of materials has also been reduced, and contractors figure 
much more closely than formerly. 

Waste Room. —With wide mills and more area on a a floor there 
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is a less percentage of the room occupied by alleys and spare 
floor. And with modern machinery less space per spindle or 
loom, including all the machinery under one unit of spindle or 
loom, is required, and a greater production is made per spindle 
or loom. 

Relative Cost of Construction and Equipme nt.—A consideration 
of all these items will show why the total cost of construction 
and equipment, per unit of measure the spindle, is less now 
than formerly, and why valuations made on the same unit in the 
past may need reduction at the present time. The cost per 
pound or yard of production is less than that per spindle in 
comparison with former cost. 

Depreciation.—No mill will have the value of its machinery 
and buildings after a few years of operation equal to what it 
is new; for depreciation, although not visible, begins almost 
immediately, and no matter how much care is taken with 
repairs and renewals, the value of the plant is not that of a 
new plant. Depreciation must be considered in the same way 
as for determining the market value. For this reason the valua- 


tion in some places is placed low to cover the lessening in values. 
Poor Light.—Tf the mill buildings are radically wrong for 


light, owing to their antiquated construction, thus requiring arti- 
ficial light, their value is lessened. Their selling value is les- 
sened if, since their construction properly, other buildings have 
been attached, thus shutting out the light. This should receive 
attention from the purchaser. How far the assessors should go 
in this matter is doubtful. 

Land.—The value of the land where restrictions are placed 
upon it in connection with water power is a nominal sum, and the 
burden of taxes might be great if the values were placed as high 
as adjacent land used for other purposes and unrestricted. It is 
of no more value for manufacturing purposes than a lot in an 
open field, instead of being located perhaps in the congested por- 
tion of a city. The valuation should be moderate in order not 
to make the tax too great in proportion to the purpose to which 
it is put. 

Steam Plant.—The value of the steam plant should depend 
upon its age and condition ; but I do not see how the assessors 
can pay any attention to its economical working. If the owners 
choose to run an uneconomical plant, whose cost is not quite, but 
nearly, as great as an economical one, that has no bearing upon 
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its value for taxes. If, however, it is necessary to go to great ex- 
pense, for instance in foundations for engines, boilers, and chim- 
ney, owing to bad soil to build upon, or to build an extraordinarily 
long smoke flue, the taxable value should be no more than if 
these extraordinary expenditures had not been required; for the 
return is no more, and the market value is no more, than that of 
-a much more simple plant. 
Water Power—The tax value of a water-power privilege 
should be ascertained in comparison with the cost of steam 
power produced in the most economical method at any conven- 
ient location where coal is cheap, or by comparison with the cost 
of other water power favorably loeated. Unless this is done, 
false values will be obtained. If the value of the water power 
varied directly as the cost of fuel, then the farther from a rail- 
road the power is located, and the more it costs to haul coal to it, 
the more valuable would be the power. If raw material is to be 
brought to the mill and finished product to be taken away, it is 
a self-evident fact that the nearer the railroad or sea:port the mill 
ean be located the more valuable the power which drives it. 
All the other items before mentioned which go into the value 
of a water power should be considered. 
Shafting and Belting.—The tax. value of shafting, belting, 
and piping should depend upon the present cost of the proper 
amount of the same to do the work and upon its physical condi- 
tion. The fact that mach more has been installed, owing to 
- peculiar and perhaps unfortunate circumstances, does not add to 


: its value ; in fact, it is a detriment to have more property to care 
7 ‘Uae for than is absolutely necessary to do the work properly. 


Stock.—In Massachusetts the stock which is in the raw state 
or in the process of manufacture, and finished product which 
may be on hand in a corporation, are not taxable property. In 
a private plant this is taxable. This fact will account very largely 
for the wide difference in the schedule of valuation prepared for 
taxes and insurance, as all the stock of whatever kind must be 
insured. In a corporation the stock in trade is taxed indirectly 
by the State as the excess of the selling price of the capital stock 
above the valuation of the real estate. 


VALUATION FOR INSURANCE AND ADJUSTMENT OF FIRE LOSSES. 
Theory of Valuation—The standard insurance policy adopted 

by most of the States contains these words: “This company 
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shall not be liable beyond the actual cash value of the property at 
the time any loss or damage occurs, and the loss or damage shall 
be obtained or estimated according to such actual cash value, 
with proper deduction for depreciation, however caused, and 
shall in no event exceed what it would cost the insurer to repair 
or replace the same with material of like kind and quality.” 

This sort of valuation is more liberal than any which has been 
so far discussed. Its theory is that if any loss occurs, the insur- 
ance paid shall be sufficient to replace the portion lost, in exactly 
the same manner as it was before, less a fair amount for the depre- 
ciation of the property from age. No depreciation, to my knowl- 
edge, however, is allowed for items which reduce the value, as 
lack of light, inconvenience of arrangement, character of the con- 
struction, the fact that a machine may not be economical in its 
working, or that the steam plant may be an uneconomical one, 
although such consideration is contemplated in the first portion 
of the statement quoted. For this reason it is sometimes the 
case that, if a concern is completely wiped out of existence, after 
the effect of the first blow is over and the property is rebuilt on 
new lines, it is vastly better off than before the loss. 

One Remedy jor Bad Organization.—The story is told of a 
man who was sent a few years ago to make an examination of 
a mill in order to see if anything could be done to make its 
running more successful by reorganization. His examination 
was brief and his report sfill briefer ; it was to the effect that the 
only thing which could do any good was a first-class fire. This 
mill was afterwards sold in open market. Its selling price was 
very much less than it was taxed or insured for. 

Adjustment.—The adjustment of fire loss is usually made upon 
the basis above stated, that the sum paid should be sufficient to 
replace new the burned or injured property in the same manner 
as it existed previous to the fire, less a fair depreciation for age. 
As it is almost impossible, even by very careful examination, to 
consider every item of loss, and as the owner is subjected to 
many losses which are not covered by the insurance, it is the 
policy of many of the factory insurance companies to be liberal in 
their settlements, although they state that nothing will be paid 
for unless in an inventory to which the assured will make oath as 
true to the best of his knowledge and belief. 

These losses are almost always adjusted amicably and without 
recourse to law. Sometimes they are determined between the 
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adjusters of the insurance companies and the owner or manager, 
and sometimes the insurance companies appoint an adjuster and 
the mill another adjuster, and these two determine the loss ; and 
if they cannot agree on any item they call in a third party, and 
the decision of any two of the three is final. These adjusters 
should be men who are familiar with the value of the property 
destroyed, and more than one set may be required to cover the 
various kinds of property. Perhaps one set for buildings, one for 
machinery, and one for goods and stock, The findings of these 
adjusters are final and conclusive. sty 


VALUATION FOR PURPOSES OF CONDEMNATION. 


It is a rare occurrence that a whole plant is condemned, as 
have been the various mills located in the proposed basin of the 
It is not uncom- 


As cities and towns increase in population they require from 
time to time additional water supply. Very often, in order to 
obtain this supply, water must be taken from running streams 
which furnish power to concerns situated along their courses, or 
from ponds which are tributary to such streams. If the riparian 


owners have a legal right to the use of such water for power or 
other purposes, it is proper that they should receive compensa- 
tion for the diversion of the same, if by so doing they are actually 
injured. 
Settlement of Damages.—In the cases of the Metropolitan 
Water Board several have already been settled by mutual agree- 
Ta ment between the mill owners and the Board. This is the proper 
method of settling these damages, without going to court, which 


is a very expensive and somewhat tedious process. There is no 


reason why in the case of total condemnation the matter cannot 
be adjusted in the same spirit as a fire loss would be adjusted, 
taking into account, of course, the difference in principles involved. 
The trials of these cases are usually interesting, each involving 
some character different from others. The trials of important 
cases are sometimes very expensive, requiring the services of 
skilled and well-known lawyers and expert witnesses on each side. 
Occasionally such trials are held before a jury, but more often 
before a commission appointed by the court for each special case 
or group of cases. The trial by jury seems to me to be very 
unsatisfactory, inasmuch as the ordinary juryman can have but 
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little conception of the meaning and value of the testimony of 
the expert witnesses; and even with a commission it is sometimes _ 
difticult for the Board to grasp the meaning and bearing of the 
testimony. It would seem eminently proper that such a Board 
should have at least one engineer member who is somewhat 
familiar with theory and common practice of steam and water 
power and of the transmission of power, and who has a general 
idea of the value of property under consideration. One member 
should be a lawyer and decide the admissibility of testimony and 
decide on points of law. The third member could very properly 
be aman of high business ability, whose experience has given 
him a general knowledge of the values of properties similar to © 
those under consideration. 

Damage More than Market Value-—In the case of condemna- 
tion the sum to be paid is not the market value of the plant, 
because this is a sale in which the owner is probably not willing 


to sell, and the condemning party must pay for various things 
which have no value to him, and for which he can get no return. 
The market value is too small a sum to fix as the damage: it 
should be more nearly the value for insurance ; that is, a sum 
which will replace the plant new with a fair deduction for depre- 


ciation tor wear and tear. To this must be added an amount 
which will cover all expenses incidental to the removal of the 
plant, reorganization, and getting on a good running basis, and 
the loss of profits during the time required for making this change. 
There is a chance for wide variation of opinion on this item, but 
it would seem that the rate of about 15 per cent. per annum on 
the capital stock is the least which a prosperous mill should re- 
ceive for payment of salaries and labor which cannot be stopped, 
payment of unearned dividends, and for general expenses which 
go on whether the mill is run or idle. 

If a mill is fairly new and well equipped it is not difficult to 
estimate the value of the land, buildings, and machinery. But if 
it is old and somewhat run down it is then more difficult to 
determine its value; and in a case of this sort the condemning 
party will probably be obliged to pay a sum which makes the 
sale a fortunate thing for the owners and gives them a chance to 
reorganize the plant if they see fit, or to sell out at a good profit. 

Value of Second-Hand Machinery.—In the sale of second-hand 
machinery, the number of prospective purchasers is limited to 
second-hand machinery dealers and to other mills which might 
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need a few of the machines. Nothing could be realized for the older 
machinery to speak of. If a machine is practically new, the 
dealer in second-hand machinery can afford to pay about one-half 
the original cost; but if it has been used for some time, all that 
could be realized is about one-half the amount left after deprecia- 
tion. The dealers cannot afford to pay any more than one-half, 
because of the chances they are obliged to take in disposing of the 
machinery, and because of the expense of taking down, boxing, 
shipping, and storage. The probable number of purchasers for 
special or fancy goods machinery would be very limited. 

Variation in Value.—There is not much chance for a large varia- 
tion in the value of the land, buildings, and machinery ; but there 
is a chance for a wide variation in the value of any water power 
which may be condemned, with or without the other portion of 
the plant. 

The value of such water power depends upon all the conditions 
of flow, fall, ete., mentioned before in determining the market 
value. If the power be undeveloped, the market value should be 
the amount of damage. If it be developed and used in connection 
with other fixed property of value, its value then to the concern 
so using it depends upon the saving of fuel and other expenses 
which would be entailed by furnishing the power “v some other 
method. 

Electrical Power Development.—Great stress has been laid 
recently upon the utilization of the undeveloped powers for elec~ 
trical power and lighting, and of their value for these purposes. 
There are two very important considerations which are not often 
mentioned in this relation ; one is, that if power is to be let it 
must be constant, and if lighting is to be done it must be certain 
that it can be done constantly ; hence the necessity of producing 
a uniform power at the source of supply, and the necessity of hav- 

ing in many cases a supplementary steam plant to accomplish 

_ this, with its additional first cost and running cost of the plant. 

The fixed and running expense of the transmission plant must be 

_ added to get the total cost of power to be delivered, with its in- 

-cidental losses in transmission. 


Another consideration in favor of a steam-driven electric plant 

is its greater elasticity over a water-driven plant. In the latter, 
z when the wheels are at full gate the limit of power is reached, and 
_ in most cases large amounts of power are required for short 


_ periods of time. This necessitates a large plant in proportion to 
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the average power required, or the installation of storage batteries, 

with the increased cost of the same. With a steam plant the 

boilers and engines can be run very much higher than their rated 

power for such short periods of time as the summit in the load 

diagram occupies. 

Improved Methods.—In figuring the cost of producing the power 
diverted, by steam power or some other power, any recognized 
improved methods should be fi figured on, even if such methods are 
not in use in the particular case under consideration ; for it is not 
the fault of the defendant if the plaintiff has a wasteful plant. 

Damage Cannot be Greater than Value.—TVhe results which are 
obtained by the method of the plaintiff are oftentimes several 
times larger than the value of the entire plant, including water 
power, land, buildings, and machinery. When such results are 
obtained they are absurd; for the damage to a portion of a plant 
cannot be more than the value of the whole property, unless it 
causes great losses or the ruin of a profitable business—and it 
would be a rare business which could not adjust itself to another 
location. When such results are obtained it is a sure sign that 
the method by which they are obtained is wrong. 

When a portion of the power is taken, and the property other- 
wise left as before, the proportionate amount of damage is greater — 
than if the whole plant were condemned ; for in the first instance ~ 
there must be supplied a substitute power, in some form, for that 
taken away at an expense governed by local conditions, while in 
the second instance the concern is free to move to a location 
where power is cheap. 

Proper Measure of Damage.—The proper measure of the 
damage in all cases is the difference between the value of the 
property before and after the taking. An engineer who is ac- 
quainted with all the conditions in the case should be able to 
estimate the relative value, if not the market value, before and— 
after the taking, yery closely, if all the facts bearing upon the case P 
can be obtained. If the difference in the cost of operation before 
and after the taking is capitalized at a proper rate per cent. 7 . 
will represent the damage. 

Sometimes only a small portion of the flow is diverted, say one’ 
per cent. Off-hand one might say that the damage was one per 
cent. of the value, but this is not so; for it is not necessary to — 
divert the whole flow to make the power worthless. That point is 
reached when the cost of ——* a constant power with steam 
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and water power combined is equal to the cost of steam power 
alone. After this point has been reached there can be no further 
damage. 
When it is necessary to estimate on furnishing a substitute 
plant to produce power equivalent to that taken away, if the cost 
of the plant is included in the damages awarded, then no interest 
on the cost should be allowed ; for the party injured is required to 
spend no money in making his plant good, and therefore has no 
interest to pay on the cost. The allowance for depreciation will 
enable him to renew the plant when it is worn out. If, on the 
other hand, he is obliged to purchase his own substitute plant, 
the interest charge should enter into the award for damages. 
_ The sales in the market of water power are the best measure of 
its value, although they are not frequent, and are oftentimes too 
remote from any special locality to be of great value for compari- 

gon; but where such data can be obtained, it should be of great 
assistance in forming conclusions of values of powers of approxi- 
mately the same characteristics and surroundings. 

The method of estimating the damage at a sum which shall 
maintain forever a substitute power, I think is not right, although 
we use it. It carries the problem into the unknown future, when 
business conditions will be very different from the present. No 
business is ever started with the idea that it is to be maintained 
forever, and no such unknown elements are ever introduced into 
its location or organization. A limited time should be fixed as a 
standard by the courts which the damages are to cover, and in 

_ England some such custom has been inaugurated, which fixes 
this limit. 
DISCUSSION. 


Mr. Geo. I. Rockwood.—I \iave read this paper with much 
interest, and it seems to me to be of great value and of timely im- 
portance to engineers who have occasionally to act as expert ap- 

_praisers of mill properties. 

A case occurs to me which I think is not explained in the 
paper (and with which I happen to know Mr. Main is: himself as 
familiar as I am), which is as follows: Suppose that a corpora- 
tion is deprived by a city both of its water privilege and of its 
mill property, the mill being in successful operation at the time 

of seizure. What is the proper measure of damages to allow the 

_ company for the machinery in the mill? 
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Mr. Main says that the appraisal of the machinery is in all 
vases dependent upon its condition as determined by inspection, 
but that that kind of testimony is the most difficult logically to 
maintain. He would lay stress upon the personal experience of 
the expert examiner as to what constitutes wear and tear of ma- 
chinery, and his estimate is to be based upon his judgment, after 
inspection of the machinery, as to how decrepit and antique it is. 
But it is an every-day matter that experts on one side of a case 
differ from those on the other side in reporting upon what they 
have seen, for the simple reason that the rules of experience in 
these matters are not, and cannot be, precise. 

In a case like the one I have mentioned, where the plant is 
removed, without the consent of the owners, would not a closer 
approximation to justice be obtained if the value of the machinery 
were based on the time it has been operated as compared with 
its natural life, all things considered? I am aware that all ex- 
perts would not necessarily agree on what the natural life of the 
machine is; but whatever the disagreement might be, its effect 
would be reduced in proportion to the newness of the machinery. 
Thus, if machines have been run five years and have a natural 
life of thirty years according to one side, and of only twenty years 
according to the other side, its present value would be five-sixths 
its cost in one case and three-quarters in the other, a difference 
of only one-twelfth or eight per cent. between the valuation one 
side puts on it as compared with that the other side puts on it; 
whereas, the disagreement as to the length of its natural life is in 
the ratio of two to three. If, on inspection, the machinery is in 
any case actually broken, extra allowance can then be made for 
such cases. Of course such a value is not the whole value of the 
machinery, as Mr. Main has shown. The cost of transportation 
and erection must be added thereto, this cost being depreciated 
in the same ratio as the present cost of the machinery is depre- 
ciated, 

Mr. C. J. H. Woodbury.—In fixing upon the valuation of 
machinery in a mill to be seized for some public work or for any 
other reason, people are apt to fall into the difficulty of going too 
much into details and not enough into appraisal of the system as 
a whole. The valuation of this tool or that machine or some fix- 
ture by itself in an establishment devoted to the making of spe- 
cialties covered by patents may be worth so much old junk, but 
as a part of a whole system of manufacture may be of great value. 
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The natural life of machinery, it must be remembered, is not 
wholly a question of the resistance to wear and tear, but it is sub- 
ject at times to the greater hazard of depreciation from subsequent 
inventions. After the Border City mill fire the treasurer wired 
George H. Corliss that the underwtiters wanted to discount ten 
per cent. from the cost of an engine which Mr. Corliss had built 
only the previous year, and wanted him to come on and defend 
the price of his engine which had only been used for a year, 
before the commission that was trying to adjust the loss. Mr. 
Corliss wired back congratulating him on the small amount of the 
discount. After the whole adjustment was effected and the mat- 
ter was all over Mr. Corliss said to me: “In that year I had 
made other inventions which had depreciated the value of my 
_ past work, and therefore if that man was to expend the same 
amount of money on an engine of this kind he could have got a 
“gre at deal better engine.” Those of you who knew Mr. Corliss 
and his characteristics can well appreciate the unction which he 


would give to such a statement. A good many years ago, when 
George Draper was engaged on the development of the spinning 
frame for spinning filling yarn, I was in a small private shop 


where it was working very well. Turning to me he said: “ When 
this machine is done the mules in the cotton mills will be thrown 
out of the window down a chute because they are not worth the 
labor to take them down stairs.” While as a matter of fact Mr. 
-Draper’s anticipations were not so fully realized, yet on certain 
— classes of cotton yarn it did depreciate the value of the mule. It 
stopped the production of any more and it did cause a deprecia- 
tion of a great many cotton mills. There is a book on the sub- 
ject of the depreciation of machinery by Ewing Matheson, an 
Englishman. The questions involved in the valuations of water 
powers seized by a city, was gone over very thoroughly by Gen- 
eral Butler, as counsel for the city of Boston, in what are known 
as the Sudbury River cases, in which he introduced, I believe, to 
American practice for the first time, a great many English judicial 
rulings on the subject, which were accepted by the commission 
and have passed into American practice. 
Mr, Main.—What Mr. Rockwood says is about right, that you 
7 estimate the value of the machinery by considering the de- 
_ preciation in a general way about as nearly as in any othae way. 
I think, however, that an examination of the machinery should be 
e that the depreciation has not been more 
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rapid than would ordinarily be expected, through excessive speeds 
or severe work, or longer hours run than usual, or by negligence. 

The inability to separate the depreciation from wear and tear 
and from that due to improvements as mentioned by Mr. Wood- 
bury is spoken of in the paper. 
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MULTIPLE-CYLINDER STEAM ENGINES.—EFFECTS 
OF VARIATION OF PROPORTIONS AND VARLIA- 
BLE LOADS. 


BY ROBERT H. THURSTON AND LOUIS L. BRINSMADE, = 


(Member and Past President.) (Junior Member of the Society.) 


Tue following paper is intended to exhibit the results of an 
experimental 1 investigation of the relative efficiencies, with vary- 
ing loads, of the ordinary high-pressure triple-expansion engine, 
of the compound of usual proportions at similar pressures, and 
of an intermediate type, already somewhat familiar to the en- 
gineering world, through the enterprise of a member of this 
7 Society mainly, in which the high-pressure element of the com- 

pound engine is made exceptionally small; the effect being, 

practically, that which would be produced by the suppression of 
the intermediate cylinder of the usual construction of the triple- 
expansion machine. The machines employed in this research 


triple-expansion “ experimental engines ” of Sibley College, and 
the combinations adopted were : 

1. The triple-expansion engine in its usual condition. 

2. The intermediate and the high pressure elements combined 
to make a compound engine of usual proportions—three to one. 
_ 3. The low and the high pressure elements combined to pro- 
duce a compound of the peculiar sort above mentioned—seven 
to one. 

The subject here taken up for study and experimental inves- 
tigation was first brought into view by the remarkable results 
‘reported by Mr. Rockwood to the American Society of Mechan- 
“* * al Engineers, as given by test of singularly proportioned en- 
- gines, in which the total expansion was that made appropriate 
_* “to pressures for which triple-expansion engines were customa- 
il rily used, where great economy was sought, and yet in which he 
= * Peciniten at the New — meeting (December, 1897) of the American Society 


of Mechanical Engineers, and forming part of Volume XIX. of the Transactions. 
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adopted a compound system having an abnormally small high- 
pressure cylinder. The engine was thus very similar in its 
general arrangement and proportions to a_ triple-expansion 
engine with the intermediate cylinder omitted; the exhaust 
from the high-pressure cylinder passing directly into the low- 
pressure element, an intermediate receiver being employed of 
suitable dimensions to give a clean drop and unobjectionable 
fluctuation of pressures. The economy reported for this case 
was both unexpected and unprecedented. The following study 
of the general case will show, at least in part, how this unex- 
pected and singtilar result came about. 

The characteristic feature of this new idea in steam-distribu- 
tion was a large “drop” between cylinders ; but “drop” has 
never been regarded as a desirable feature in itself, either 
practically or thermodynamically, and it is interesting to trace 
out those phenomena and conditions which have here made 
such a feature a source of advantage. It will further be inter- 
esting to see that the thermodynamic case, practically and 
theoretically, aside from the finance of the matter, conforms to 
our earlier ideas of the essentials of maximum efficiency. 

The Zransactions of the American Society of Mechanical 
Engineers for the year 1892, vol. xili., contain the first account 
of the results of experimental investigation of the relative value 
of the peculiar form of compound engine which it is the purpose 
of this paper to discuss.* 


The engine there described was a triple-expansion engine, 
built from the designs of Mr. Rockwood for the Merrick Thread 
Co., of Holyoke, Mass. The dimensions were 12, 16, and 


2!\3 inches diameters of cylinder, 36 inches stroke of piston 
for the high and intermediate cylinders, and 48 inches for the 
low-pressure element. Receivers were placed between the 
cylinders, and the cylinders and receivers were jacketed. The 
inachine was rated at 175 horse-power. A separator was used 
at the engine and returned the condensed and entrapped water 
to the boiler through a “ steam-loop.”’ 

The results of test were reported as giving from 12.67 to 
13.06 pounds of feed-water per indicated horse-power per 
hour, with steam at 142 pounds by gauge. The best figure was 
given when developing 199 horse-power. When the intermedi- 


***Two-cylinder vs. Multi-cylinder Engines,” by Messrs. Green and Rock- 
wood, presented at the San Francisco meeting, May, 1892, p. 647. 
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ate cylinder was thrown out of action, the best figure was 12.76 

and when developing 180 horse-power. The conclusion was 
- apparently justified that the two forms of engine were of prac- 
tically equal efficiency. The conclusion might further have 
been reached that, when costs are considered, the compound, 
as here proportioned, was the better of the two styles of engine. 
Still another conclusion would seem to be by this experiment 
fully justified : that the new system of proportioning the com- 
pound engine is decidedly the better where loads are in any 
considerable degree variable, as giving better opportunity to 
meet the demand for variable power with least sacrifice of 
thermodynamic and engine efficiency. 

In the discussion of this paper it was remarked by Mr. 
Cooper that “ if two cylinders will secure an economy commercially 
equal to that obtained by the use of a greater number, then two 
cylinders are ehough”—a conclusion which is axiomatic but 
none the less important. The italicized word—the italics are 
introduced by the writer—is, however, of special importance ; 

since the maximum thermodynamic efficiency and a minimum 
consumption of heat, steam, and fuel is not, by any means, 
necessarily coincident with, or even approximate to, the condi- 
tion of maximum commercial economy. The true statement of 
the engineer’s problem is always: What construction and what 
steam-distribution will give the largest return on the investment 
in building an engine to supply a specified amount of power ? 

It is to be further particularly noted that the question which 
here arises is not at all whether two or three cylinders should 
be adopted ina stated case, but, and especially, whether, it being 
decided that, for business reasons, the compound is better than 
the triple-expansion machine, the two-cylinder compound should 
have the usual or an exaggerated cylinder ratio. The question 
is not whether a two-cylinder is better than a three-cylinder 
series engine, but whether novel proportions are to be adopted 
with the older type of engine. 

A comparison made by Mr. F. W. Dean, of the performance 
of an engine designed by Leavitt with one designed by Rock- 
wood, the one having a cylinder ratio of four to one, the other 
of seven to one, later gave rise to further and interesting dis- 
cussion.* 


* Transactions A. S. M. E., vol. xvi., No. 619, p. 169, 1895. 
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_ The following are the principal data, as collated by the writer, 
at the time, in discussion of the paper : 


CASE OF COMPOUND vs. TRIPLE AND HERMAPHRODITE. 


ENGINE. LeavitT. Rockwoop. REYNOLDS. 


Number cylinders in series......... 
Steam-pressure, absolute..... 
Vacuum, in. mercury....... 

Ratio of expansion 

Revolutions per minute...... 
Length of stroke, ft 

Piston speed, per minute, ft 
Cylinder ratio 

Drop between cylinders.........-.. None 

Dry steam, per I. H. P. perhr..... 12.156 
Difference favoring Leavitt (0.684 Ibs. = 5.3¢ 
Difference in favor of triple.. 0.478 lbs. = 4¢ 1.16 lbs. = 9% 


St. cons. reduced to 175 Ibs. 
Comparative effic. on this basis... .. 


The table contains, in the last two lines, figures now added to 
bring into a more perfect comparison the relative economy of 
the several types of engine. Taking the best performance of 
the ideal engine as varying as the logarithm of the pressure em- 
ployed, as also found by experience to be approximately the fact 
with good engines, the gain to be fairly anticipated by adopting 
the higher pressure, other things equal, should be such as to 
give the figures 11.8, 12.84, and 11.16 pounds of feed-water per 
horse-power per hour, for the three cases respectively. The 
relative efficiency will then be expressed by the figures 0.95, 
0.87, 1.00. The engine of usual type, as a compound, when well 
designed and built, thus gives a performance within 5 per cent. 
that of the best known triple-expansion engine; the compound, 

ith exaggerated cylinder ratio, lacks 13 per cent. of the effi- 

iency of the triple-expansion and 7 per cent. that of the stand- 
ard type of compound. Leavitt's Chestnut Hill engine, for 
which the figure 11.2 is reported, may be taken as identical with 
the Reynolds pumping engine in relative efficiency, correction 
being made for difference in pressures. Were correction made 
above for differences in ratios of expansion, the result above in- 
dicated would have been somewhat more marked, as the engine 
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of novel proportions has, nominally at least, 65 per cent. higher 
ratio than its rivals; but, as a considerable part of this appar- 
ent expansion ratio measures free expansion without perform- 
ance of work, the comparison on this basis would not be strictly 
correct. No correction is attempted for differences in speeds 
of piston or of revolution, on which score the intermediate type 
of engine would apparently have a very marked advantage ; but, 
as was long ago pointed out by the writer, where jacketing is 
adopted successfully, variation of piston speed seems to have 
little effect on economy.* 

The deduction from the above comparison would seem, 
unquestionably, to be that the long-standard type of multiple- 
cylinder engine is a more economical machine than that in 
which the cylinder ratio is exaggerated so greatly as to produce 
an unusual drop of steam pressure between cylinders and an 
apparently highly increased expansion ratio. A priori, it would 
seem to be obvious that that engine which, with equal wastes of 
heat and steam and mechanical energy, in other respects pro- 
duces the closest approximation to the ideal steam distribution, 
and which gives the most perfect reproduction of the ideal thermo- 
dynamic indicator diagram, would exhibit maximum efficiency. 
The engines of Leavitt and of Reynolds are designed with the 
intent of reproducing a specified diagram, as laid down upon 
the drawing board of the designer, and that diagram is made as 
nearly ideal as practicable. In the solution of the problem 
thus set for themselves, these designers have succeeded wonder- 
fully; and this, with their careful provision against internal 
heat wastes and against excessive engine friction, accounts for 
their rare success in these engine trials. 

But there still remain two important questions undecided : 

(1) Are these comparisons fair, as being representative of the 
best work that each type of engine can perform; and does it 
follow that the study of the performance of each throughout a 
wide range of load variation will prove that these conclusions 
may be accepted as general and as completely settling the 
relative standing of these machines ? 

(2) Assuming it to prove to be true that the orthodox system 
of designing the multiple-cylinder engine, as iHustrated by the 
refined practice of Leavitt and of Reynolds, of Sulzer and of 
Corliss, and as taught in the text-books and treatises on the 


* Transactions A. 8. M. E., 1881, ‘‘ Manual Steam Engine, ” vol. i. 
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steam engine from a more purely scientific standpoint is right— 
is it always correct, as judged from the point of view of the 
purchaser and user of the engine, who counts success by the 
relation of quantity of work performed to the dollar expended, 
and not with reference, otherwise than incidentally, to the 
weight of steam or of fuel demanded per indicated horse-power 
in the unit of time? 

The first of these questions can only be answered after it has 
become possible to produce a “curve of efficiency ” on which 
may be read the relation of cost to performance throughout 
the full range, at least, of usual variation of working load, and 
for each of the machines to be compared. The second must be 
answered by a study of the costs of power production, with each 
reduced to the measure of the efficiency of the dollar in each case. 

The following pages present an account of such an investi- 
gation as is above outlined, in which the compound, the triple, 
and the intermediate type of engine are compared experi- 
mentally, ‘by constructing representatives of each type, by 
various combinations of the elements of the largest of the 
triple-expansion experimental engines of the Sibley College 
laboratories. A compound engine was produced by the combina- 
tion of the high and intermediate cylinders, in which ordinary 
proportions were illustrated ; a second compound was produced 
by combination of the high and the low pressure cylinders, in 
which the peculiarity of greatly exaggerated cylinder ratio was 
introduced ; and the third combination was that of the three 
cylinders in normal working, and representative of the standard 
proportions of the ordinary triple-expansion engine. With each 
arrangement a series of trials was made, from the results of 
which it became practicable to produce the form of efficiency 
curve which was sought as the solution of the problem to be 
attacked. Since, however every steam pressure, for best effect, 
demands a specific ratio of cylinders and an expansion-ratio 
peculiar to itself, and since each ratio of expansion adopted, at 
any constant steam pressure, presumably demands, for best 
results, some special form and proportion of engine, it remains 
probable, after all, that absolutely exact and perfect comparison 
would require more extensive investigation than has been, in 
this case, as yet practicable. The facts here revealed will 
simply add to, without completing, our knowledge of the case ; 
while, in the opinion of the writer, the character of the question 
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will be practically settled as commercial, and not as purely thermo- 
dynamic, or, in the sense in which the engineer usually employs 
that term, economic. 

The figures above quoted and tabulated as the results of 
trials of representative individual cases are assumed by the 
writer to be acceptable to this degree: that they are in each 
case so excellent as to permit the deduction that these un- 
exampled data are indicative of the conditions of best effect 
in each case, so nearly as to justify us in taking the comparison 
as probably fair for that set of conditions marking the best work 
of each. 

The general dimensions of the engines employed in this inves- 
tigation are as below: 


GENERAL DIMENSIONS OF ENGINES. Pi 


High Intermediate Low 
Pressure. Pressure. Pressure. 


Diameter of cylinder, in inches..... rey 16 
Length of stroke, in inches 36 
Clearance, per cent. : 
74 8.79 
45 8.89 


0.376 
0.092 0.367 0,812 
Piston displacement, per stroke, cubic feet : 
Head 3291 4.1887 9.4247 
.2379 4.1204 9.3373 


62.62 201.06 452.39 
59.42 197.86 443.19 
10 10 

17 


Brake-wheels, diameter, in feet......... 
Brake-wheels, face, in inches ................) 
Brake-wheels, weight, in pounds 

Crank-pin, diameter, in inches 

Crank-pin, length, in inches................. 
Connecting-rods, length, in feet 

Main bearings, diameter, in inches 

Main bearings, length, in inches. ........... 
Length of pulley-block bearings, in inches. ... 
Steam-port dimensions, in inches... 
Exhaust-port dimensions, in inches........... 
Diameter of steam-valve seats, in inches 
Diameter of exhaust-valve seats, in inches... . 
Thickness of steam space in jackets, in inches. 
Diameter of piston rod, in inches. er 
Diameter of steam inlet, in inches............ 
Diameter of exhaust outlet, in inches......... | 
Diameter of crank-pin, in inches 


all 
- 
4 
3 
a 
=~ 
Area piston, in square 
Fly-wheels, diameter, in feet................ 
Fly-wheels, weight, in pounds. ............. 6,95 
. 4 t 4 
10 10 10 
; 9 9 9 
7 7 
§x12 1x20 13x28 
1}x12 13x20 2}x28 
3h 5 65 
34 5 65 
3 18 t 
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The experiments to be described were performed in the 
course of the regular, advanced work of the college, under the 
supervision of its officers, and in accordance with the often 
described and standard methods adopted for all such work in 
research in this department. The investigation here to be par- 
ticularly described was made by Messrs. L. L. Brinsmade and 
Adelbert Harding, in the course of work for their respective 
degrees,* and with the aid of volunteer expert assistants where 
numbers of skilled men were needed in the course of the engine 
trials. The usual precautions were adopted in the standardiza-_ 
tion of apparatus and checking of determinations, where more 
than one process was available. The details of these processes 
are already familiar to all and need not be here repeated. They - 
will be found described in various papers previously presented 
to the Society, in which such experimental work is described in 
detail; which papers are published in earlier volumes of its 
Transactions. 

THe EXPERIMENTS WITH THE CYLINDER-Ratio, 7 To 1, were 
planned in advance, with great care, and all tests are indicated 
alphabetically ; tests A to E, FE to I, I to VM, and to being 
four groups, and all the tests in each of these groups having 
the same low-pressure cut-off. The groups are arranged so that 
these cut-offs increase in value, the A-to-/ group containing the 
tests at the shortest cut-offs and the ./-to-Q group at the long- 
est. The tests in each group are also arranged according to 
indicated horse-power, which increases with the later letters of 
the alphabet. The data given here are the averages of the 
general data and of the principal results. 

The economy curves in Fig. 39 show the variations in steam 
consumption for variations in the indicated power for each of 
the four cut-offs. In No. 1 there is no uncertainty about the 
maximum point in the curve. Nos. 2 and 3 do not show a dis- 
tinct maximum ; but, from their horizontal driit at the heaviest 
‘loads, it would appear that these loads were very near those of 
maximum economy for those cut-offs. The direction of the 


* The theses in which the details of this work are completely presented may 
be consulted at the library of Sibley College, Cornel! University, where they are 
preserved with a number of others bearing more or less directly upon the same 
problem and upon the effects of variation of working conditions upon the various 


experimental engines of the college, including all the combinations referred to 
in this paper. 
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line at the end of the economy curve for No. 4 would seem to 
indicate that the point of maximum efficiency for that curve had 
not been reached. 
Fig. 40 shows the variation of B. T. U. per indicated horse- 
power, with variations in the indicated power for the different 
low-pressure cut-offs, and gives a very similar set of curves to 
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variation in the total heat of evaporation as a few pounds 
variation in the average boiler pressures would produce. They 


are inserted as affording a more precise method of gauging 
economy than that by steam consumption. 

Logs of the work were prepared from the records of these 
trials, in such form as was thought most convenient for the 
purpose, and these logs will be found appended.* 


* Appendix A. 
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The diagram herewith reproduced (Fig. 41) exhibits the method 
of variation of the pressure-volume expansion line when the 
engine is given a total ratio of expansion of about 20. The 
saturation curves for the two cylinders are laid down beside 
the expansion line of each indicator diagram, and the quality 
curves superposed show the differences, varying from point to 


ECONOMY CURVES 
LOW PRESSURE CUT-OFFS. 


— 
E300 
= 
bs 
& 


30 40 3 60 70 80 90 100 110 
Indicated Horse Power 


 Ericiency oF EnNGines. 


COMPOUND ENGINE; CYLINDER-RATIO, 7 TO}. 


Fia. 40. 


point, measuring the cylinder condensation and the quality of 
the steam in the engine. In the high-pressure element the 
quality of the steam at cut-off is seen to be nearly 0.90, drop- 
ping at a point slightly beyond to 0.86, and thence rising 
again until, at the opening of the exhaust valve, it has become 
substantially the same as at cut-off. In the low-pressure element 
the effect of drop becomes plainly obvious, the steam entering 
up to cut-off with a quality exceeding 110—/.c., superheated in 
that proportion—and immediately falling to unity, and, later, 
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at a little beyond half-stroke, to 0.92. From this point on it 
rises steadily and very uniformly to the end of stroke, and is 
exhausted into the condenser with five per cent., nearly, excess, 
or superheat. This last condition has been regarded as indicating 
some waste, as it is usually thought that maximum efficiency is 
to be secured by so adjusting the working conditions of the 


Cubie Feet 
Fig. 41.—(SPECIAL.) 

‘machine as to give dry and saturated steam at exhaust. The 
influence of a superheated charge during exhaust, however, in 
_ reducing the loss of heat from the cylinder wall, is probably 
measurable, and it is possible that slightly superheated may 
_ give higher efficiency than slightly moist steam. 

A Comparison or Resutts with those obtained on the 3-to-1 


- compound and triple-expansion engines may now be made : 


The following data are from experiments on the Sibley 
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‘experimental engine, made by H. K. Spencer in 1895, and will 
serve as a basis of comparison of the results just summarized. 

The first set of data was taken from the engine while running 
with the high-pressure and intermediate cylinders compounded, 
giving a cylinder ratio of a little over 3 to 1. 

The second lot of data are from the same engine, with all 
three cylinders in use. (Appendix B.) 

In both cases everything was jacketed except the low-pressure — 
cylinders, thus giving approximately the same conditions that | 
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existed in the test, here first described, of the compound engine 7 
with a cylinder ratio of 7 to 1 

In the proportion and distribution of the receiver volume, 
the engine during the 3-to-1 compound and triple-expansion 
tests had an advantage. With the 7-to-1 cylinder ratio the 
engine had an abnormally large receiver volume, and, in the 
passage between the receivers, the steam was sent through a 


considerable length of piping which condensed some steam by © 


radiation. 
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Curves were plotted from the results of these three sets of 
experiments thus : 

Fig. 42 shows the variation of the steam consumption per 
indicated horse-power, with the increase in load, for the three 
prescribed sets of conditions. The curves in this figure leave 
no room for doubt in regard to the relative economy of the 
three engines. At about 37 horse-power the steam consump- 
tion in each case is about the same. The curves then diverge, 
the 3-to-1 compound reaching a minimum steam consumption, 


Pounds, Steam per D.11.P. per Hour 


T 


70 
Delivered Horse-Power 
Erriciency of Mu tiere-Exeansion Enaines, 
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at 75 horse-power, of 18 pounds. The minimum points on the 
other curves, owing to their larger low-pressure cylinder 
volume, lie further along, and are 15.8 pounds for the T-to-1 
compound, and 13.7 pounds for the triple-expansion engine. 
We have thus a gain of 2.2 pounds of steam per indicated horse- 
power per hour of the 7-to-1 over the 3-to-1 compound, and a 
gain over the former by the triple-expansion engine of 2.1 
pounds of steam per indicated horse-power per hour. 

Fig. 43 shows the variation in steam for delivered, or dyna- 
mometric, horse-power, with varying load for three cases. It 
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, — will be noticed that the curves approach each other much more 
nearly than in the last figure. At the minimum the triple- 
engine curve exhibits best economy, but it falls off very rapidly, 
and at 75 horse-power shows a greater steam consumption than 
either of the others. ' 

The 7-to-1 curve also crosses the 3-to-1 curve a little below this 
point. The reason for this is probably the friction of the extra 
bearings and the weight of the intermediate valve rods, which 
the construction of the engine made it impossible to avoid for 
the tests on the 7-to-1 compound. Otherwise there are about the | 
same number of working parts as in the 3-to-1 compound, and 
there should be very nearly the same per cent. loss by friction. 

The minimum points in these curves are 18.9 for the 3-to-1, 
18.1 for the 7-to-1, and 17.1 for the triple expansion, showing a> 
gain on the triple over the curves of Fig. 42 of one pound of steam 
by the 7-to-1 compound, and a little over two pounds by the 3-to-1 | 
compound. 


Fig. 44, perhaps the most instructive of the series, shows the 
variation in the steam used per indicated horse-power per 
hour, with the ratio of expansion for the three cases. In the 
3-to-1 compound and the triple the most economical ratios are 
apparent—about 12 for the 3-to-1 compound, and 21 for the triple. 
Assuming the most economical expansion in any one cylinder 
for a continuous expansion line to be 3, this would make, in the 
case of the 3-to-1 compound, a total expansion of 9, showing that 
in the above case there was comparatively little expansion in — 
the receiver. In the case of the triple the division of the 
expansion ratio is taken from the most economical card, which 
is as follows: 2.7 in the high-pressure cylinder, 3.15 in the 
intermediate, and 2.16 in the low-pressure cylinder, making a 
total of 18.5 as the expansion ratio, which makes the expansion ni; 
line practically continuous. 

In the 7-to-1 compound the best ratio of expansion is beyond 
the limits of the curve, but would apparently be in the neigh- 
borhood of 17. The distribution of the expansion, however, at 
the most economical point obtained was 2.7 in the high-pressure 
cylinder ; 2.21 in the low-pressure cylinder, leaving 2.85 as the 
expansion ratio in the receiver. This division is very nearly 
the same as in the triple-expansion engine, the receiver taking — 
the place of the intermediate cylinder. ra 

To show more clearly the location of the gains in economy of | ‘us ae 
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the triple-expansion engine over the 7-to-1 compound, Fig. 45 was 
constructed from the most economical tests on both engines. 
As these two tests had nearly the same high-pressure cut-off, it 
is easy to trace the action of the steam throughout the stroke, 
and the gains and losses of the‘two systems are made very 
evident. 
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These cards show a loss in area due to drop, and a gain in the 
clearance spaces and in the expansion line of the low-pressure 
cylinder, although the latter gain is probably increased by the 
poor vacuum in the 7-to-1 compound. The diagram also serves to 
show the respective amounts of work obtained by an increase in 
the steam pressure, and by an increase in the vacuum; the 
area at the top representing the work due to an increase in 
steam ees of over 10 pounds, while the area at the bottom 
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_ represents the work obtained by about two pounds better — 
vacuum. 


The following table shows the conditions during the most : 
efficient periods of test of the three systems : — |. vo 


COMPARISON OF THE Most ECONOMICAL TRIALS. 


7-to-1 Com- 3-to-1 Com- 


Triple pound. pound. 
Revolutions per minute............ 84.95 87.65 85.52 
Vacuum in inches of mercury.... ......... 24.3 22.84 22.7 
Condensed steam in pounds................ 1,205 1,753.7 1,03 
Dist ribution of work between cylinders, H.} I. C.=1)) 1.29 635 
Mechanical 84.1 86.6 90 
Steam per 1, P. pet 05... 13.68 15.8 18.03 
Steam per Il. H. P. corrected toa vacuum of 
It will be noticed that in the triple-expansion tests both the _ 
vacuum and the boiler pressure are better than in either of the 
others. Between the most economical test of the triple and — 
the most economical test of the 7-to-1. compound, there is 
' a difference of an inch and a half of mercury in the vacuum, | i 
and of four pounds in the boiler pressure. The column showing _ 
the three tests reduced to a common back pressure was obtained 


by increasing or diminishing the mean effective pressure in the 
low-pressure cylinder of each by the amount each varied in back 
pressure from that of the required mean. In this case the mean 
was taken as the back pressure in the triple-expansion test. 
This correction brings the triple and 7-to-1 compound nearer 
together, but we shall still have a difference in steam consump- 

tion of 1.48 pounds of steam per horse-power per hour between 
the triple and the 7-to-1 compound, and a difference of 2.1 
pounds between the latter and the compound with the 3-to-+ 
ratio of cylinder volumes. 

In the Appendix will be found the collected and essential data 
taken out of the several logs of the various engine trials, so_ 
arranged as to permit easy comparison and prompt deduction 
of conclusions.* 


*See Appendix B, page 
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To show still more clearly, and by an entirely different — 

the real position of the three machines here reported upon, : 
rae related to the record-bre aking engines to date, and to e: a9 
other as well, Fig. 46 is introduced. On this diagram are 
entered the records of famous engines to date, showing their 
standing when gauged by the location of their reported econo- 
mies to that of the ideal thermodynamic engine whose 
‘a efficiency curve is given at the extreme left as that of the “ideal 
— case.” The relative merit of each engine is determined by the 
= approximation of the datum entered on the plate to the ide: tl effi 
ciency lines adjacent. Thus, it is ne at once seen that the 


of large size, No. 10 close upon the curve for the compound, 
and No. 11 near the curve for the simple engine wasting half 
the steam supplied. The 3-to-1 compound, thermodynami- 
cally considered, gives substantially the same approximation to 

the ideal as does No. 1, the Sulzer engine, whose performance is 

_ there recorded as that of a representative simple engine. The 
7-to-1 compound similarly approximates the rank of No. 2, 
the simple Corliss engine, which latter, in turn, takes rank with 

the ideal compound very nearly; and the ideal compound, 
as just seen, gives very nearly the figure actually obtained by 
the 7-to-1 compound. An earlier performance of the triple- 

- expansion engine No. 4 is seen to approximate more closely 

the ideal curve for its class. Were these comparatively small 
engines reproduced on the scale of the larger proportion of the 
engines giving the results here noted, the wastes would pre- 
sumably be reduced by such increased size by something like 
25 per cent., and the locations Nos. 12, 13, and 14 would repre- 
sent the relative merits of the three types compared, both as 

-among themselves and as related to the record-breaking engines 

the world. 

_" For comparison, also, at extreme pressures, Nos. 15 and 16 
are given as those, respectively, for the actual performance of 
the Sibley College 20 horse-power quadruple-expansion experi- 

- mental engine, and for that estimated for such an engine repro- 

duced on the scale of the engines given as “record-breakers.” 

To complete the record for comparison, the figures for the 

steam consumption of two Schmidt superheated-steam engines, 


MULTIPLE-CYLINDER STEAM ENGINES. 
figures fall, respectively, No. 9 between the curves as 
thea eamnoannd and tha trinla of wood rforn 
= 
| 
ae 
i 


MULTIPLE-CYLINDER STEAM ENGINES. 1 69 


Nos. 17 and 18, are shown, as reported *—9.46 and 10.2 pounds — 
of steam, respectively ; but the figures, like those of the quad- 
ruple expansion in Jess degree, are not strictly comparable, and 
the British thermal units per indicated horse-power giving a_ 
higher relative expenditure by 20 per cent. or more, usually 
corresponding, in fact, to 12 pounds or more of saturated steam, | 
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are more nearly correct data for comparing with the records” 
of the other engines, in which latter the steam is little, if at 
all, superheated, at the steam chest. + 


* Proceedings of the British Institute of Civil Engineers, March, No. 3,008, vol. 
exxviii., 1897. 

+ This diagram, in slightly different form, was first employed by the writer in 
a discussion of the paper of Professor Ripper, ‘‘ On Superheated Steam Engines.” 
Ibid. See also The Electrical Engineer, January 6, 1897. 
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Tue Reaquisires oF Maximum THERMODYNAMIC EFFICIENCY WITH 

~ Consrant Loap are : 

(1) A steam distribution approaching most closely the ideal of 
Carnot ; or, assuming the cycle of Rankine to be that in which 
~~ machine is constructed to act, the closest possible approxi- 
mation to the ideal conditions of distribution for that cycle. 
(2) As nearly as practicable, a non-conducting cylinder, or its 

equivalent, a non-heat-transferring working fluid, insuring, ap- 

‘proximately, at least, adiabatic action, so far as heat transfers 

- between working fluid and enclosing walls are concerned. 

(3) Maximpm possible range of pressure and temperature dur- 
ing expansion. 

Tue Regvuisires FoR Maximum Toran EFricrency are the above, 

together with : 

_ (4) Minimum friction of engine and heat losses. 

(5) Limitation of the expansion range by that volume at which 
the expansion line meets the line, parallel with the back-pres- 
- gure line, marking the sum of the useless resistance of the machine 

a3 plus that added quantity which is a fraction of the mean effective 
pressure equal to the ratio of the steam and heat wastes, inter- 
nally and externally, due extra thermodynawic causes, to the total 
_ steam and heat supply. 

Tue Reguisrres ror ComMerciaL Erriciency are, 

further: 

(6) Such an adjustment of the proportions and of the steam 
distribution of the engine that any change would cause a larger 
loss in the dividend account than would be saved by better con- 

_ ditions in the direction in which improvement was sought. 

In detail, in compliatice with the above conditions to that ex- 


the form of the cycle must be as nearly that prescribed above 
as practicable. 

This means introduction of the steam invariably at as nearly 
as practicable boiler pressure ; a sharp cut-off ; expansion along 
as nearly as practicable an adiabatic line, the steam being 
worked within non-conducting walls, if possible, or in a jacketed 

 eylinder, or as superheated steam, in the actual case of to-day ; 
expansion terminating at a pressure which is the sum of the fric- 
tion pressure shown as the total mean pressure of the “friction 
diagram” of the engine, plus the proper allowance for heat 
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wastes as above; sharp drop from the terminal pressure thus 
determined to the minimum practicable back pressure ; main- 
tenance of that minimum back pressure from exhaust to the 
point at which compression begins; and, finally, compression 
as nearly as practicable to boiler pressure. 

The “ practical” limitation in each case will be found to be 
at such adjustment that to gain more, ideally, would cost more 
than the gained power or saved steam would be worth. Too 
large a steam pipe; costly expedients for sharpening the cut-off 
corner, or for other approximation to ideal conditions ; too low 
a temperature and pressure in the condenser; such may, either 
or all, prove expensive methods of gaining higher “duty” of 
engine. 

Whether the engine be simple or multiple-cylinder the de- 
signer will seek the closest approximation to the ideal diagram, 
simple or combined, that he finds likely to give gains more than 
compensating the costs of securing them. Where the engine is 
designed to compete for a prescribed high “ duty,” the pecuniary 
limitation takes another form, which it is not our province here to 
consider, and the problem, in design, becomes that of approxi- 
mating the ideal case in such manner as to attain maximum 
thermic rather than commercial efficiency. 

From either point of view, “drop” between cylinders is evi- 


dently not desirable ; though, at the point of termination of ex- 
. . 
- pansion in the low-pressure cylinder before condensation begins, 
‘ 


drop is required, proportioned to the extent of the sum of the 


- quantities : friction and cylinder-condensation wastes, including 


also, if it exists, leakage. From either point of view, also, com- 
pression to boiler pressure, with minimum “dead spaces” and 
minimum clearance, is requisite. In either class of engine the 
machine acts as a whole, and is to be treated as if the work at 
the crank-shaft were performed as indicated in the combined 
diagram, in the case of the multiple-cylinder engine, precisely 
as if it were asimple machine. 

As seen in Fig. 45, the relative value of this and the orthodox 
type may be found to depend largely upon their relative clear- 
ances. The examination of this point by Dr. Amsler, following 
Professor Barr, shows clearly that a gain by exaggerated cylinder 
ratio may be reduced by decreased clearances. 

When we have a variable load, the conditions differ not only 
‘rom those affecting the engine under constant load, but also as 


| 
| 
— 


~ 
«172 M ENGINES. 


L: affecting the two classes of engine. The problem for the simple 
Boece becomes in effect the following : 

Required, to secure such a design and construction of engine 
as. will permit its operation, under varying loads, in such 
Breas that the work performed shall always be precisely that 

_ corresponding, nef, to the load imposed at the instant, and «/so, at 
the same time, so that the terminal pressure on the expansion 
line shall not fall below the “ virtual back-pressure line,” as the 
writer has sometimes called it, computed as above. This means 
that when smaller loads are dealt with than that which consti- 
tutes the best for the machine as designed, a lowered boiler 
pressure is better than a shorter cut-off. 

The problem for the multiple-cylinder engine becomes quite 
- different from the above, for the reason, as above indicated, 
that the ratio of volumes of its cylinders is a fixed quantity and 
~ eannot be made alterable, as should be done, if practicable, with 
variable loads. Thus the problem involves the selection of such 
a ratio as will suit, not the best load of the engine, but that 
- Toad which must be taken as the probably best mean for the 

series of variations which are anticipated as characterizing the 
= life-action of the engine. The ratio of chosen boiler 
pressure to selected terminal pressure ordinarily settles the total 
+ ratio of expansion and that of the cylinders, and all proportions 
of the engine for constant load; but this is not true with such 
od variations of load as are daily witnessed in the operation, for 
_ example, of the power stations of electric railways. It may, in 
this case, be found that “drop” is a requisite of best mean 
_ performance, whether thermal or commercial, and new relations 
of expansion in cylinders in series may be best. 

But these are not all the new considerations coming in to 
complicate this question in the practical case of every-day work. 
It may prove so much cheaper to build, as well as to operate, 

an engine in which we have the equivalent, practically, of the 
_triple-expansion engine, for example, with the intermediate _ 
cylinder cut out, as to —_— it a better dividend earner than the © 
_ reduced cost of 


at ite best and with rari iable ‘loads its may prove that the 
unorthodox form of compound may pay better than either its 
orthodox competitor or the triple-expansion machine. Such 


are the still existing problems for the designer. 


7 


In conclusion, these comparisons, after making all allowances, 
show an economy in favor of the triple, when compared to the 
7-to-1 compound, of over one pound of steam per horse-power 
per hour, and a larger gain by the latter when compared to 
the compound engine of 3-to-1 ratio. The bearing of these 
results, however, on the relative merits of the three types, is 
a matter which experiment on one engine and under one set 
of conditions carnot definitely determine. As tests have been 
made of the triple-expansion engine under all systems of jacket- 
ing, there is no room for improvement in this direction. In the 
7-to-1 compound, however, a change in the jackets, and even 
more probably a change in the size and distribution of the 
receiver volumes, might reduce, if not nearly bridge over, the 
gap which at present separates it, so far as steam consumption 
is concerned, from the triple-expansion engine. 

In looking over the water account of both the triple-expansion 
and the 7-to-1 compound, we find that all the water used by 
the latter, in excess of the former, passed through the cylinder, 
and that there is no appreciable difference in the jacket water 
in either case. This indicates that the waste is internal, and 
due to either an extra loss by cylinder condensation, to a greater 
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clearance loss, or to a loss coming of incomplete expansion of 
the steam. That the greatest waste is due to incomplete 
expansion in the high-pressure cylinder, and that there is a 
slight gain in the cylinder volume, are both made evident by 
theory and are clearly indicated on the diagram showing the 
superposed cards of the engines. 


The comparative amount of cylinder condensation in the two 
engines, and the manner in which this condensation is affected 
by the drop in pressure between the cylinders, is a matter on 
which there has been considerable doubt, and on which these 
tests seem to throw some valuable light. 

Owing to the lack of necessary data, the comparison of the 
quality cycle of the steam in the two engines must be limited 
to the qualities at cut-off in the high-pressure cylinders ; but 
the varying conditions of the tests made on the 7-to-1 com- 
pound give data from which a definite idea as to its nature 
during the remainder of the stroke can be obtained. 
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VARIATION OF QUALITY OF STEAM. 


No. of Case. | 
| 


I. H. P. triple ; 5.56 62.$ 2 126 
I. H. P. 7-to-1 compound 38.87 66.85 98.09 129.6 


$2.8 | 46. 7.2 | 70.3 
2.8 | 81.! 


- Water used by jacket of H. P. cyl. in triple engine.. 67. 65. 64.7 64. 
Water used by jacket of H.P. cyl. in 7-to-1 compound. 59.5 62.5 67.8 | 63. 
Z 


economical 


tests on the triple-expansion engine. As the jacket water 
liable to affect the quality to some extent, the amount of jacket 
water used by the high-pressure cylinder during each of these 
tests is given. In considering these results, there is a difference 
in the range of pressure in the two cases of between 15 and 30 
_ pounds, according to the loads, which, were there no effect due 
tothe liberated heat caused by the drop, would mean an increase 
in the range of temperature, in the high-pressure cylinder of the 
_ J-to-1 compound, of nearly double that in the same cylinder of 
the triple-expansion engine. In every case except the third, the 
‘ jacket water used by the triple is in excess of the jacket water 
ie by the compound ; and yet, in spite of the difference in 
pressure range and the additional heat imparted by the jacket 
water, the rae ality at the beginning of expansion in the com- 


If farther evide nce a the effect of the Pear in pressure 
between the cylinders is needed, it is given in the following 
tables, which show the variation in the quality of the steam, 
“at the point of cut-off in both the high and low pressure cylin- 
ders, with the drop, in the 7-to-1 compound, grouped according 
to the steam consumed per hour. 
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2 | 3 4 
Quality at cut-off in triple engine .............. 
Quality at cut-off, 7-to-l compound engine...... a 
{ 
The above table takes the four loads of the most 7 
low-pressure cut-offs, of the tests on the T7-to-1 com) 
4 compares the qualitv at the beginnine of expansion | 
‘ quali four 
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oF DRop ON QUALITY OF STEAM. 


7-to-1 Compound. 


Quality at bs Lbs. of Quality at Range of 
Drop _ Cut-off yoy he Jacket Water Cut-off in Temp 
in Low Press,) "sed by the per lb. of High Press. in High 

Cy! Engine. Steam. Cyl. Press. Cyl. 
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NoTeE.—Where, in the above table, a figure is given in excess of 100, it is an 


apparent quality, as shown by the indicator a See Professor Carpenter's 
paper on ‘* The Saturation Curve,” 7rans., A. 8. M. E., vol. xv., p, 904, for exact 
method, 


Thus, , £, J, and V7 are the lightest loads of the first, second, 
third, and fourth cut-offs, respectively ; 1/7 to .V the four next 
lightest loads; and P to O the four heaviest loads. 

Column 1 gives the drop in pressure in the receiver, in pounds 
per square inch. 

Column 2 gives the per cent. quality at cut-off in the low- 
pressure cylinder. 

Column 3 gives the steam passing through the cylinders. 

Column 4 gives the pounds of jacket water used by the engine 
per pound of steam passing through the cylinders. 

Column 5 gives the quality of steam at cut-off in the high- 
pressure cylinder. 

Column 6 gives the range of temperature in the high-pressure 
cylinders, as calculated from the steam-chest pressure and back 
pressure in that cylinder. 

The effect of the drop on the quality at the beginning of ex- 
pansion is as marked here as in the previous table. The irreg- 
ularity of results prevents a close comparison; but there is 
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certainly no sensible decrease in quality due to increased range 
of pressure caused by drop. 

The effect of the drop on the quality at low-pressure cut. off 
shows even more marked results. When steam is acting in an 
engine under uniform conditions of boiler pressure and vacuum, 
there are four conditions which could affect the quality of 
the steam at cut-off in the low-pressure cylinder. These are 
the amount of compression, the quantity of steam passing 
through the engine, the weight of jacket water used per pound 
of working steam, and the point of cut-off in the low-pressure 
cylinder, wKich varies the drop and the distribution of the range 
of temperature between the cylinders. As the amount of com- 
pression was practically the same in both engines, it will not 
enter into the result. We also neglect the temperature range, 
which would complicate matters without affecting results materi- 
ally. In each set of values the steam used by the engine and 
the proportion of jacket water are nearly constant. We can 
therefore find, by comparison, what is the effect of variation in 
drop on quality at low-pressure cut-off. 


The curves in Fig. 47 show the variation of these quantities, 
the drop being the ordinate, and the quality of the steam in per 


cent. the abscissa. The curve nearest the origin is drawn for 
the lightest load; the loads of the curves increasing towards 
the left. The variation of the points from the curves corre- 
sponds to a certain extent to the variation of the jacket water 
per pound of steam condensed from the mean value for that 
curve. Another set of curves might also be drawn through 
points of the same cut-off, which would show the effect of the 
jacket water supplied per pound of condensed steam in vary- 
ing the quality. In every case plotted there is an unmistakable 
increase in quality due to increase in drop, which is, to a cer- 
tain extent, proportional to this increase. Thus in the curve 
for light loads an increase of two and a half pounds in drop 
gives an increase in quality of 15 per cent. ; while for the heavy 
loads, with a drop increased by eight pounds, the corresponding 
increase in quality amounts to about 50 per cent. 

As in both the triple and the 7-to-1 compound we have steam 
at the same pressures admitted to the high-pressure cylinder, 
undergoing the same number of expansions, and exhausted from 
the low-pressure cylinder under the same conditions, a compari- 
son of these two engines is simply a comparison of the efficiency 
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of a cycle in which a continuous expansion line is maintained, 
and the internal waste reduced by the subdivision of the range 
of temperature with that of a cycle in which it is sought to 
reduce internal loss by sacrificing continuous expansion, with 

the hope of making up for the loss sustained by gains in other 
directions. 


The account on the debit and credit side of the system can be 
summed up as follows: Although with drop there is a marked 
increase in the range of temperature when calculated from the 
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M4 16 18 26 
Pounds of Drop 
Errect of ‘Drop’ on Quatity oF STEAM, 
IN LOW-PRESSURE CYLINDER AT CUT-OFF; CONSTANT LOAD, 


Fig, 47. 


increased range of pressure in the high-pressure cylinder, the 
liberated heat from the expanded steam in the high-pressure 
exhaust is sufficient to make up for this increased pressure ~ 
range, and to give even a slightly improved quality at the high- 
pressure point of cut-off as a result of the drying off of cylinder 
walls, later referred to. This liberated heat also has the — 
effect of superheating the steam, and thus of lessening internal © 
loss in the low-pressure cylinder. There is also a gain of work, 
owing to the absence of an intermediate cylinder whose clear- 
ance volume exceeds that of the high-pressure cylinder. : 


To balance these useful effects of drop we have only the gain - 
12 
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by expansion in the intermediate cylinder; but, as demonstrated 
by these experiments, this gain is sufficient to outweigh all else, 
and to turn the balance in favor of a continous expansion line. 
When the practical uses of the 7-to-l compound are consid- 
ered, although at a disadvantage when working at a constant 
load, under loads subject to large variation, such as exists in an 
electric-power plant, the flatness of the economy curve would 
seem to indicate that it would more than hold its own. Ina 
comparison of the 7-to-1 with the *-to-1 compound, all efficiencies 
seem to favor the larger cylinder ratio. Whether 7-to-1 is the 
most economical ratio, or whether the most economical cylinder 
proportion lies at some intermediate point, is beyond the scope 
of this series of tests to determine. The best cylinder ratio 
probably varies somewhat with the work for which the engine 
is intended, and in an exact determination of the best propor- 
tions for maximum economy there remains a large field for 
_ experimental investigation 
In studying the preceding figures, it must be carefully kept 
in mind that the real comparison is by de//vered, rather than 
indicated power, and that the final basis of comparison must, in 
all cases, be the financial one. It is further to be noted that 
the curves here given as efficiency curvos cover a much larger 
range of expansion than is either usual or economical in the 
ordinary commercial conditions of the market; the important 
and interesting data are those appurtenant to the lower values 
of the ratio of expansion in this series of engine trials. 
The superior quality of steam in the high-pressure cylinder 
of the 7-to-1 compound engine, due, as it would seem, to the 
peculiar conditions affecting that machine, would indicate that 
the process of change of quality was the following: The excep- 
tional drop at exhaust causes a correspondingly exceptionally 
complete discharge of the charge of mixed water and steam, 
drying the cylinder walls by 


This results in reduction of the he sat. 
exchange waste during the succeeding induction period, and 
; oa this, in turn, means some economy of heat, steam, and fuel, not- 
withstanding the fact of an exaggerated range of temperature 
and of pressure in the high-pressure cylinder, circumstances 

tending to increase wastes. 
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The main deduction, from a scientific point of view, if not 
from that of ordinary practice, being that the accepted system 
of multiple-cylinder engines with continuous expansion and 
with the number of cylinders in series determined by the steam 
pressure, the resultant desirable ratio of expansion and the 
quantity of consequent “ cylinder condensation” is that which 
affords highest economical results, and that which constitutes 
the highest type of engine of our time, it becomes, further, 
desirable to ascertain what is the best adjustment of this partic- . 
ular series engine. This is now well understood to vary with 
the whole series of variable conditions affecting the engine— 
with size, with engine speed, with steam pressure, vacuum, and | 
the condition of the working fluid and of the cylinder wall. 

Taking the engine here illustrated, the three-cylinder series 
engine, as the most economical type of machine, and assuming 
its conditions of operation and its regular economies and wastes 
to be fairly representative of the average good machine of its | 
class, we may easily ascertain where is its best adjustment, and 
how that critical point is affected by variation in the magnitude 
of its wastes. 

The accompanying figure (Fig. 48) is a diagram in which are 


the ordinates give the weight of feed-water required to be sup- 
plied and to be evaporated into dry steam at boiler pressure per 
horse-power, indicated, per hour. The curve for the ideal case “ 
is easily and exactly obtained by now familiar processes of | 
thermodynamies ; those for the added wastes are also obtained 
as easily, and with fair approximation, by the use of empirical for- 
mulas based upon ample experiment. Thus we have the lower 
curve as that relating efficiency to the degree of expansion of _ 
the steam and identifying the simultaneous values of work and 
costs. It indicates gain by expansion until the expansion line © 
intersects the back-pressure line on the indicator diagram. — 
The next curve takes into account the wastes due to the fact 
that the actual engine is subject, in this case, to considerable — 
clearance waste, and it is at once discovered that the efliciency 
passes through a maximum value with a ratio of expansion greatly 
restricted ; in this case to about 33. In the next higher curve, 
the ordinates include the expenditures of the ideal, purely 
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and of the hypothetical machine, subject to the various known ¢ 
| wastes. The abscissas are measures of the ratio of expansion, and : 
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thermodynamic case, the wastes due clearances and the ther. 
mal wastes by external conduction and radiation. It is seen 
that the introduction of these new forms of waste produce still 
further restriction of the economical ratio of expansion, and 
gain ceases when the ratio exceeds 30. Finally, adding the 
wastes due to internal condensation and leakage, as ascertained 
by trial of the engine, we have the upper curve, whose ordinates 
include all known expenditures. The ratio of expansion is now 
restricted to a minimum, and expenditures of heat, steam, and 
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fuel begin to increase immediately upon passing this critical 
point, a ratio of 17. Were we to consider expenditures of capi- 
tal incurred in the construction and installation, and in the 
maintenance of the plant, we should discover still further 
_ restriction, and probably would ascertain that a ratio of 10 or 
_ 12, at most, and in a compound engine, would prove, finan- 
cially, the best form that the investment could be made to take 
in planning the plant. 

Referring to the diagram once more, it will be observed that 
a fifth curve, F, is drawn diagonally across, from the upper 
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and smaller critical point, through the intermediate values of 
the best ratios of expansion, each for the set of conditions 
assumed ; and thus the locus is obtained for the curve of suc- _ 
cessive values of the ratio of expansion of best thermal effect _ 
for varying quantities of waste. Its equation for this particular 
17 


engine 1s, / = 
log 


; is that of a curve, simple in form, and 


very easily located, as seen, on which may be found the meas- 
ures of costs of power with any stated quantities of extra ther- 
modynamic waste. For example, when it becomes practicable 
to reduce the internal wastes of the engine, curve A, to one-half. 
their present amount, as by sufficiently superheating the enter- 
ing steam, the curve B in the diagram, next below the upper- 
most, for the real engine, will be produced, and the ratio 
of expansion giving highest duty will be found at once to be 
increased by this improvement from 17 to 23; and the consump- 
tion of steam measured in the saturated condition, or its equiv- 
alent, will fall from 12.8 to less than 12 pounds. Similarly, a 
steam cylinder composed of, or lined with, a non-conducting 
material, as often proposed by Emery and others, would reduce 


to 30 and to about 40. 
A more correct comparison with the best work of the com- 
pound engine may be made by employing the accompanying dia- 


the cost to less than 11 pounds, and the extinction of clearance 

would still further reduce it to about 10 pounds; while the 

ratios of expansion for such best effects would rise, respectively, ; 


gram, Fig. 49, in place of the data from the small compound here 
used in experiment, and making the comparison with the best 
records of triple engines and of the special type of compound, 
the examination of which constitutes a principal feature of this 
paper. This engine is designed for 150 pounds steam pressure 
with complete expansion, and its proportions are those of the 
standard and ideally correct type of compound engine. The 
machine is of 1,850 indicated horse-power, cylinders 32” + 68” 
60, making 74 revolutions per minute, and giving the horse-— 
power on 1.35 pounds of coal and about 12.5 pounds of steam, 
and 13,000 British thermal units per hour.* ‘Taking this engine 
*The treasurer of the cotton-mill in which the orthodox form of compound 
above described is at work certifies to the writer the following figures for costs of 
power. It will be interesting, as time goes on, to compare these data with simi- 
lar statements for other types of engine ; since ‘it is this financial test which, : 
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as standard for its type, the Milwaukee pumping engine for the 
triple expansion, and the best example of the special form of 
compound, for comparison, we have for the three the following 
expressions for their relative efficiencies as measured in steam 
consumption, in pounds per indicated horse-power per hour, and 
heat supply : 
28,800 | 
32,800. 
log 
84,800, 
log p 
The latter is seen, on examination of its proportions, to be a 
form of engine designed for an abnormally high total ratio of 
expansion at the proposed pressure, and assigned an abnormally 
heavy load, so that when actually in action under its average 
load, it must work with a low ratio of expansion in the high- 
pressure cylinder, and must exhibit an abnormally large “ drop” 
at its exhaust. It is a compound engine thermodynamically 
misapplied, and operated under conditions—ideally, at least— 


For the triple-expansion engine, W 


i 


For the standard compound, W 


(2) 


For the special form of compound, W= ,~— ; 7 


after all, settles all questions of exact adaptation of type of engine and of correct 
proportions and construction. Coal costs here $2.26 per ton. 


. Fuel per horse-power per year of 3,070 hours 
Labor 


Interest at 5 per cent.... 
Depreciation at 5 per cent 
‘Taxes 


Fixed charges....... 


‘“* According to the Providence (R. I.) Journal: ‘ This is lower than anything 
yet found. It is due to the large size of plant, which reduces the labor and 
supply account per horse-power, and to low cost of fuel and insurance and low 
cost of plant on account of its size. The cost of plant includes a Green econo- 
mizer-chimney boiler house, engine house and foundations—all first-class—water- 
tube boilers, whose depreciation ought not to be 24 per cent. If steam used for 
no other purposes than power were deducted, it would reduce the fuel 10 per 
cent., or 47 cents per year, per horse-power, making the total $11.08. There is 
no way of separating this amount from the total in the regular accounts.’ 

‘* So far as known, this is the lowest cost of steam power in any New England 
textile mill. The tons of fuel per horse-power per year are reported as 2.08—the 
lowest noted ; some others run about 2,20 tons per horse-power and up.” 

R. H. T. in Science. 
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defective. It remains to be seen, however, whether with variable 
load this may not prove on the whole a practically correct and 
financially efficient system. 


APPENDIX A. 


ABRIDGED LoG OF ENGINE TRIALS. 
_ COMPOUND ENGINE—CYLINDER RATIO, 7 TO 


| TEMPERATURE. | 


Letrer | Revoln- Joe Boiler Barom- 
OF tions per & | Press, eter. 
Test. Pinute. Con- Engine Ex | Gauge. Inches. 
= densed Room, ternal 


Steam. 
Cold. Warm. 


29.4 
29.236 
28.860 
28.080 
29.35 
28.65 
29.412 
29.044 


29.026 


Dio 


29.000 
29.190 
29.412 
28.3 


29.19 


R Condensing Water Steam per Hr. Lbs. 
LETTER OF “Total per Hour I. H. P. Corrected 
Lbs. Calorimeter. 


B. T. U. per I. H. P.| Real Ratio of Ex- 
per Minute. pansion. 


32,900 20.1 401 
25,400 BS4. 
36,100 3.38 827 
40,600 
28,500 .25 385 
35,000 64 331 
36,700 .88 336 
83,100 5.9 819 
32,800 898 
25,500 B54 
33,800 B24 
37,200 5. B16 
31,200 21. 414 
29,200 5. 364.2 
33,700 831. 
46,800 824 
49,000 5.§ 818 


184 
13 
- = 
43 
9 aches. 
1. 
1 
| 
A... 88.88 | 44.1 51 117.5 1.26 
B.......| | 87.1 44.1 119.6 4.16 
42.9 117.9 3.4 
«ESL... | 88.96 | 45.1 54.2 | 119.5 4040 
86.71 | 86 23.5 | 110.3 47 
83.61 | 83.7 41.5 | 119 3.57 
88.92 | 40.8 58.6 119.5 23.77 
36.2 119.8 29.152 23.58 a 
| _K.......| 86.72 | 88 118.4 29.118 | 23.68 
M........ 88.95 | 39.3 118.5 3.7 
ON.......| 87.61 | 35 119.1 328 
a my O.......| 86.71 | 36.5 114.3 4.04 
85.03 | 49 112.3 485 
27.87 
21.12 
67.8 
54.75 
80.3 
»* 82.42 
— 9 - i 
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LETTER OF 
TEsT. 


InpicaTeD Horse 


PRESSURE. 
Head. 


Crank. 


10.: 


Head. 


-PoweER. 


Low PRESSURE. 


Crank. 


| 


Total I 


.H.P. Tota 


1D. 


JackeT WATER. 


Lerrer or Test. 


High 
Pressure. 


Ist Re- 
ceiver, 


2d Re- 
ceiver. 


| High 


Pressure. | Pressure.| Pressure. Pressure. 


| CUT-OFF. 


os 


to 


QUALIT 


Low 


D 


Y oF STEAM. 


RELE 
High 
83. 

91. 
85. 


ASE. 


Low 


DS to 


ane 
sea 


al 185 
| | 
7 
| 
— 
11.87 9.35 | 8.81 40.35 28.65 
17.31 15.2 15.63 66.63 57.6 
24.88 2.9 97.91 84.75 
28.12 1.6 123 .24 111.5 
11.76 8.79 40.73 28.82 
16.9 69.03 56.21 
21.20 1.9 84.65 74.35 
H........-.| 83.98 30.57 ».02 126 111.6 
12.39 7.25 38.87 28.74 
| 26.48 ».99 98.09 85.7 
33.33 3.4 129.97 111.79 
12.88 1.95 39.44 28.97 
20.68 20.15 1.30 | 62.90 54.56 7 
34.45 29.45 233 1.83 109. 66 95.32 
32.81 2% 4.9 124 113.08 
- 
A 
— 
90.4 | 67.1 91.3 
93.6 60.4 56.4 
158.5 86.5 78.5 85. 
62.1 50.2 72.48 88. 
| 68.8 | 58.1 79.6 113 
es Se 67.8 | 113.5 75.2 72.8 86 103 
115.5 98.2 81.5 87.2 100 
120.5 70.3 ( 84.9 115 
139.5 93 7 87.2 | 1823.5 
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APPENDIX B. 
THE Logs OF THE TRIALS FOLLOW IN ABSTRACT. 


TRIPLE-EXPANSION ENGINE, 


Gavuce READINGS. 


| Pounps. 


per Minute. 


SYMBOL, 


Steam 1st 2d Re- Con- Barom.- 
Pipe. Receiver. ceiver. | denser. eter. 
| 


Revolutions 
External Air. 


‘Temperature 


Boiler. 


119.3 116.3 
119.1 - 116.1 
7.1 | 11433 
1118.4 | 115.4 B24 
1117.9 | 114.7 9.324 
118 115 8. | 29. 29.324 
| 8.6 | 21.6 | 29.234 
117.2 | 114.2 3. 9 | 24. 29.301 


‘ 24.5 29.318 
7 9.318 


oo 


Compound Engine. Cylinder Ratio 3 to 


109.9 106.9 14.5 22.6 B04 
108.9 106.3 8. 
115.4 112.7 
114.9 112.1 
116 114.3 
115.4 112.4 
116.4 113.4 
117.5 114.5 


oe 


| TEMPERATURES. 


Weights Cu. ft. Total 
Condensed j. Brake 


Cal. Steam 
ne 
| ape: Steam. ater. Load. 


| WATER. 


Condensed 
Eng. Rm. Steam. 


Inj. Disch. 


287. 
287 
286. 
240.: 
290. 
290. 
290 
287.8 


Compound Engine. Cylinder Ratio 3 to 1. 


116.4 | 44 3. 291.4 
103.9 | 44.6 

102.1 | 54 

88.9 | 53 

76.9 | 50.6 

81.4 | 51.7 

82.3 63.3 | 

107.1 | 54.4 | 


a 
186 
1 
| 
| 
88.77 78 
85.45 85 
86 
89 
90 
67.2 
Dy........| 85.48 49 
69 
78 
78 
75 
TRIPLE-EXPANSION ENGINE, 
= #FS 
| | 88.1 809 835-1, 186 
98.6 106.1 55 82.4 704 916 
104.9 | 56.6 83.6 010 601 
Gat 97.7 57 78 767 635 436 
99 59.3 85.3 554-332 226 
F,.....| 108 100.9 60.9 87 472 305 186 
107.6 62.1 104 399 209 81 
94.6 | 106.6 | 59 84.6 438 891 1,036 
,639 | 619 886 
— 214 605 686 
915 459 | 486 
Drees} 90.8 287 | 140 87 
| 080 | 42) 586 
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TRIPLE-EXPANSION ENGINE. 


Jacket STEAM Per Hour. Las. Total 
per Steam 
our, in- Begin- 
Princ cluding of 
Steam: Jackets. | Expan- 
£100. 


SYMBOL. 
High 


Pressure. 


Ist 2d 


Int. Receiver. | Receiver. 


363.7 2178.9 
335.4 | 1540.6 
826.8 1337.0 
298.4 1065.4 | 
252.0 806.5 
241.3 714.2 | 
252.1 631.7 | 


353.3 | 1791.9 


Compound Engine. Cylinder 


1069.5 
712.3 


498 .4 | 


 TRIPLE-EXPANSION ENGINE. 


I. H. P. Cyninper. Pounds 


oa — Total al Steam per No. of Ex- 
YMBOL. p. p, Mech. Ef. p. pansion. 
P. ©. »P.C. | Total. per Hour. 


89.27 | 46. 5.89 141.4 122.§ 90 
37. 37.2 37.39 | 112.65 | 94.8 1 
32. 29.48 | 89.79 | 7%2.! 0.79 
24. 62.99 45.! 
19. 5. 2¢ 45.56 30 59 
14.42 2.68 | 33.93 19.: 57.0 
12. 9.96 26.21 33.65 10 
37. 127.54 | 108.2 


Cylinder Ratio 3 to 1. 


93. 2.9 
21. 

51. 

29. 

20.0% 

14.8 

10 

61.02 


CJ 187 
» 
= 
a 

q 82.0 90.8 59.9 16.4 

67.0 76.6 60.1 48.3 32.8 
69.4 65.4 44.0 8.3 
65.8 73.9 §2.3 40.1 28.7 

|......0.] 74.58 |........| 187.28 | 18.6 
70.88 |........] 60.08 |........| 180.86 | 426 8 

Dy... 70.82 54.75 |.... ...| 125.42 | 412.5 | 108 

64.50 |........| 199.88 |..:.....| 190.97 | 1881.3 | 108 4 

| 
.82 
ie 

.05 

16! 

| 

D,....| 84-20 | 18.48 | 7.66 

Da....| 44.22] 83.21 |........] 77.44 18.18 | 11.4 
36.04] 20.53 |........| 58.24 18.36 | 17.19 
28.88 | 12.64 ]....... | 85.57 20.02 | 32.04 

D,....| 18.88 | 22.36 | 43.06 ny 

D;....| 10.98| 5.29]........| 16.22 | 26.01 | 46.40 
Da....| 41.44] 26.23 ]........] 67.74 | 18.03 | 15.45 
} 
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SUPPLEMENT. 
Tuurston oN ENGINES. 


Since the preceding paper was printed, there has appeared 
the report of a series of trials of another engine having the pecu- 
liar proportion of high to low pressure cylinders here under dis- 
cussion. These tests were made by Mr. Barrus at the Grosvenor 
Dale Mills, and the conditions and results of the tests are such 
as throw some light upon the question at issue. The dimen- 
sions and the data obtained are presented in the accompany- 
ing tables.* 

The weight of feed-water, as deduced from the second of the 

W = 2.62 
three trials, was =—- 12.03, at 150 pounds steam pressure. 
Reduced to 175 pounds, the figure becomes 11.7; which is 
much better than the earlier figure for the same pressure 
(12.84), but still inferior to that of the best triple-expansion 
engines, and is practically identical with the best record for the 
large compounds.- The first trial gave a result of two per cent. 
above this figure ; the last gave one per cent. better. 

Noting the conditions which distinguish the several trials, it 
will be observed that the engine does better work as its steam 
distribution gives a closer approximation to the ideal form of 
engine diagram, as the drop becomes less pronounced, and its 
wastes are thus reduced. The first trial was made with the eut- 
off at 0.285 in the high and 0.523 in the low pressure cylinder ; 
the second with cut-offs, respectively, at 0.287 and 0.236; the - 
third trial with cut-offs at, respectively, 0.285 and 0.176; thus 
gradually backing up the receiver pressures in such manner as 
to make the combined card more and more similar to the ideal, 
and its expansion line more and more nearly continuous, and 
thus raising the initial pressure in the low-pressure cylinder from 
15 to 21 pounds, while the terminal pressure, in the high, remains 
at about 43. Thus the evidence, to date, would seem to indi- 
cate that, as a matter of engine efficiency, the complete equali- 
zation of expansions between the cylinders, and the adoption of 
an expansion without drop between the cylinders, would give 
still better results, and that these better results might be 
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expected to closely accord with those obtained under the most 
favorable conditions by engines proportioned and operated as 
customary by the majority of most successful constructions. 

The following is Mr. Barrus’s report, changed in form slightly 
for convenience in printing.* 

“The engine company guaranteed” a duty of 125 pounds of 
dry steam per horse-power per hour with steam at 150 pounds 
boiler pressure, and at not less than 140 pounds pressure at 
throttle valve ; steam to be commercially dry and contain not — 
over two per cent. moisture. Vacuum in condenser to be not | 
less than 26 inches, and the load on engine to be within its eco-— 
nomical range. 


The guarantee tests were simple feed-water trials, and these 
were divided into three periods of exactly five hours each. 
Data upon the work of the boilers were also obtained. so as to 
make the tests a full trial of the complete plant. This trial was 
commenced at noon, September 8th,and ended at the same time 
September 10th, atter a working run of 48 hours. During this 
time the engine was run each day from 6.40 a.m. to 12 M., and 
from 12.40 p.m. to 6 p.m. At night the fires were left in the 
usual manner, and no steam was drawn from the tube boilers 
concerned in the test, except that required for the jackets of the 
engine, which it is the practice to keep constantly heated. 

DESCRIPTION OF PLANT. 

The steam plant here, which is all new, consists of four Man- 
ning vertical boilers of the 67-inch size, made by the Stewart 
Boiler Works, Worcester, Mass.; a Green economizer having 192 
pipes, furnished by the Fuel Economizer Company, of Mattea- 
wan, N. Y.; a brick chimney 5 feet inside diameter, 150 feet high, - 
and the engine under consideration, which is a cross-compound 
jacketed machine with syphon condenser. 

The piping of the boilers is so arranged that any one or more 
boilers can be used independently for the supply of the engine, — 
and the remaining boilers devoted to the miscellaneous heating — 
work, ete., of the mill. While the test was going on the two 
boilers were used for the engine, and the single one nearest the 
chimney for the other work. The remaining boiler was idle, and 
in this the damper and fire doors were kept closed. The feed- 
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pump, alone passed through the economizer, that for the third 
boiler being supplied independently. The gases escaping from 
all three boilers passed through the economizer, and the engine 
plant had the benefit of this. The conditions of running the 
economizer were thus slightly different from those of customary 
practice. * 

The length of steam pipe, which is 9 inches diameter from 
the boiler-room to the throttle valve, is 75 feet, and its surface 
together with the flanges is well covered with magnesia. The 
pipe contains a Webster separator 5 feet from the throttle valve. 
The draft is controlled by a Locke damper regulator, which acts 
upon a damper between the economizer and the chimney. 

The high-pressure cylinder is jacketed all over. The heads 
of the low-pressure cylinder are jacketed, but the barrel is un- 
jacketed. The reheater contains 187 square feet of surface. 
The jacketed spaces are filled with steam of full pressure and 
drained by a trap, or automatic pump and receiver, at will. The 
latter is ordinarily used and the hot jacket water returned to 
the boilers. During the test the trap served this purpose and 
discharged into the weighing tub of the feed-water measuring 
apparatus, thence passing on to the boilers. The intermediate 
receiver is drained by a trap which discharges to waste. The 
essential dimensions of the boilers, economizer, engine, and 
piping are given in Table No.1, as follows: 


joe. 
Boilers. 
Diameter of shell, in 
. ‘* water leg, outside, in 
firebox, in 
(Air and metal spaces in grates 4 in. and 3 in.) 
Height of firebox, in 
Length of tubes, ft 
Number of tubes, 2} in. outside diameter 
Flue opening, approximate, in 
Length of tube surface above average water line, in 
Area grate surface (each), sq. foot....... 
‘* of water heating surface (each), sq. ft 


* The specifications accompanying the contract fix the most economical load at 
650 horse-power, 
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Area of total heating surface (each), sq. ft. 
‘ through tubes, sq. ft 

Ratio of water heating surface to grate 

‘ grate to tube area 

Area grate surface, 2 boilers, sq. ft 
‘* water heating surface, 2 boilers, sq. ft 


Economizer. 


Size of main flue, ft 

Area main flue, sq. ft 
Diameter chimney flue, ft 
Area 

Height of chimney, ft 


Engine. (Partly builder’s measure. ) 
cMamnater high pr. cylinde r, in 
pod, 

Stroke, H. P. cylinder, 
Steam port area, pr., 
Exhaust ‘‘ 
Clearance per cent 
HI. P. constant 1 Ib. m. e. p. 

lrev. per min., H. P. cyl., H. P 
H. P. constant 1 lb. m. e. p. 

80 rev. per min., H. P. eyl., H. 
Diame ster low pr. cylinder, in 


Stroke, L. P. cyl., 


Steam port area L. P., sq. in 
H. P. constant 1 lb. m. e. p. 

1 rev. per min., L. P. cyl 
H. P. constant 1 lb. m. e. p. 

80 rev. per min., L. P. H. P 


The valves and pistons were examined for leakage prior to 
beginning the feed-water tests, using the methods commonly 
practised by the writer. The engine was in fair condition 
throughout. There was some leakage of the high-pressure 
piston, though not serious, and the exhaust valve of the low- 
pressure cylinder crank end was found to leak a good deal. 
The engine, as a whole, was in much better condition in respect 
to leakage than the one at the North Grosvenor Dale mill, which 
the writer tested in 1895.— Engineering Record, Nov. 3, 1898. 
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The contract tests covered periods in the afternoon from 12.55 
to 5.55 o’clock and in the forenoon from 6.55 to 11.55 o’clock. 
They were made with three different receiver pressures. The 
jacket water was weighed separately. The weight of water de 
termined is corrected for the leakage of the boilers, which was 
found to be 96 pounds per hour. 

During the progress of the tests a set of indicator diagrams 
was taken from each end of each cylinder at intervals of 30 
minutes. At similar intervals the various pressure gauges, the 
speed and temperature of the steam near the throttle valve were 
observed. The gauges and the indicator springs were also 
verified. The steam and vacuum gauges in the engine-room 
are practically correct. The receiver gauge is about right at 5 
pounds. It indicates 2 pounds less than the actual pressure at_ 
9 and 13. 

Beginning just before covering the fires at noontime, Sep- 
tember 8th, and ending just before covering at noon, September 
10th, the coal was weighed and all the usual observations taken 
which pertain to a boiler and economizer test. The water was 
measured during the night, including that discharged from the 
jackets, the same as during the running time. A reasonably 
successful attempt was made to separate the coal used during 
the day from that of the night periods, but a better idea of the 
consumption of coal under the conditions of the working load 
can be obtained from the coal burned during selected periods, 
beginning after the boilers were well at work and ending before 
they were checked for stopping time. For such periods, aggre- 
gating 14.27 hours, out of a total running time of 16 hours, Sep- 
tember 9th and 10th, the consumption of coal amounted to 11,599 
pounds or 798.8 pounds per hour (uncorrected for the 2.8 per 
cent. moisture). The total running time during the second day 

yas 10.6 hours, and the consumption of coal at this rate during 
that time is 798.8 « 10.6 = 8,467. The actual consumption for 
all purposes for the 24 hours of the second day was 9,995 
pounds. It appears then that 9,995 — 8,467 equals 1,528 pounds 
was used in maintaining the steam during the night and noon- 
time, or 15.3 per cent. The weight of water evaporated during the 
night and noon times on the second day’s run was 4,635 pounds, — 
or 5.4 per cent. of the total evaporation for the entire 24 hours, 
this total being 88,857 pounds. About 10 per cent. of the coal was 
therefore lost during the 13.4 hours while the engine was idle. 
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During the afternoon of September 8th the jacket water was — - 
weighed for only 50 minutes, the balance of the time being 
turned into the lower tank unweighed. During the evening of 
September 8th the jackets were shut off for some time, and some 
water was lost in trying to work the injector. It has been 
deemed best, therefore, to confine the coal measurements and 
boiler work to a single 24 hours’ run—that of the second day. 

The date and results of the general test of the plant and of — 
the boiler test are given in Tables 4 to 6. Of these, Table No. | 
4 gives the results of general test computed from the 14.27 
hour period referred to above ; Table No. 5 the results for the | 
full 24 hours’ run of the second day; and Table No. 6 the data | 
and evaporative results based on the 14.27 hour period. 

The flue gases were analyzed from time to time. An average — 
of four tests gave the following composition by volume: 


Carbonic oxide (CO) 


100.0 
The trap which drains the bottom of the receiver discharged 
on September 10th at the rate of 184 pounds per hour. The 
jacket water for the three engine trials averaged 9.5 per cent. of 
the total weight of steam supplied. This is included in the 
quantities of feed-water given in the tables of engine results. 


TABLE No. 2. 

DATA AND RESULTS OF FEED-WATER TESTS OF AMERICAN WHEELOCK ENGINE | 

AT GROSVENOR DALE, CONN. 


Receiver Pressure, Les. (NoMINALLY). 1. Tee Test No. 3 


2. Total weight of feed-water consumed, lbs...... 41,690.0 40,063.0 39,654.00 — 
3. Weight of water consumed per hour, corrected 

4. Indicated H. P. developed, h. p................ 670.5 658.1 659.1 
5, Average pressure in steam pipe, lbs ........... 149.7 150.4 150.2 . 
6. Number of degrees superheating, deg.......... 15.7 16.4 12.2 q 
7. Receiver pressure by gauge, Ibs................ 5.4 9.1 12.9 
9. Number of revolutions per minute, rev..... ..- 80.04 80.14 80.0 = 
10. Mean effective pressure H. P. eyl., Ibs ........ 72.44 65.89 61.9 
9.59 


13. Dry steam consumed per I. H. P. per hour, lbs. 12.40 12.14 11.97 


13 
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TABLE NO. 3. 


MEASUREMENTS AND COMPUTATIONS BASED ON ONE SET OF SAMPLE DIAGRAMS. 


Test No. 1. | Test No. 2. Test No. 3. 


. Pressure in steam pipe, Ibs. ... 151.0 150.2 
. Receiver pressure by gauge not 


H. P. Cyl./L. P. Cyl./H. P. Cyl.|L. P. Cyl.|H. P. Cyl.'L. P. Cyl. 
5. Initial above atmos- 
phere, Ibs..... 143.9 
. Cut-off pressure ‘above zero, 
lbs 9.0 


. Compression pressure above 
zero, Ibs... 

20. Mean effective pressure, Ibs... 

21. Back pressure at mid stroke 

above or below atmosphere, 


i Proportion of forward stroke 
completed at cut-off . 

. Proportion of forward ‘stroke 
completed at release 

. Proportion of backward stroke 
uncompleted at compression. 

. Steam accounted for at cut- off,| 
lbs 

Steam accounted for at release, | 

. Proportion of feed-water ac- 
counted for at cut-off 

Proportion of feed-water 

counted for at release..... . 


TABLE NO. 4. 
DATA AND REsvtts OF ENGINE AND BoILer TEST FoR 14.27 Hour PERIOpD. 


Weight of dry coal consumed, 11,080. 
Dry coal consumed per hour, Ibs......... 
. Average indicated horse-power developed by engine, H. P .......... 660.1 
. Coal per 1. H. P. per hr. for period of 14.27 hrs., Ibs................ 1.16 


TABLE NO. 5. 


DATA AND RESULTS OF ENGINE AND BoILER TEST FOR 24-HouR WoRKING 
Run. 


Duration, or length of time engine was running at speed, hrs........ 10.6 
Weight of dry coal consumed, including banking coal, ete., Ibs...... 9,715 
Estimated percentage of total coal used during time when engine was 

idle, per cent. er 

. Total weight of water evaporated, Ibs 

Estimated percentage of total water used during ee when engine 

was idle, per cent 
Dry coal consumed her hour, Ibs........ casas, 
Average indicated horse-power developed by engine, H, 

8. Coal per I. H. P. per hour for entire 24 hrs., Ibs.............000..-- 1.8 


——_ 
4 13.4 
2.70 9.08 66.75 9.61 62.27 10,23 
6.0 +12.5 —12.8 | +16.5 —13.0 
> §.54 9.07 9.54 8.57 9.21 7.96 
-) 9.62 8.88 9.76 8.65 9.58 | 
| 
7 
= 
> 
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TABLE NO. 6. 


DATA AND RESULTS OF EVAPORATIVE TESTS ON MANNING BOILERS AT GROS- 
VENOR DALE, CONN. 


Cumberland 
9 8% 
September 9-10, 1897. 


Weight of dry coal consumed, Ibs 
Weight of ashes and clinkers, per cent 
Percentage of ashes and clinkers, per cent 
. Weight of water evaporated 


HourRLY QUANTITIES. 


. Coal consumed per hour, Ibs................ 

. Coal per hour per sq. ft. of grate, 

. Water evaporated per hr., lbs rs 

. Equiv. evaporation per hr. feed 100 deg., pressure 70 lbs., Ibs...... 
. Horse-power developed, A. 8. M. E. basis of 30 Ibs., H. P. puke kate 
. Equiv. evaporation per sq. ft. heating surface per hour, lbs sees 


AVERAGES OF OBSERVATIONS, ETC. 


Average boiler pressure, Ibs 

Aver. temp. feed-water, entering economizer, deg ....... 
. Aver. temp. feed-water, leaving economizer, deg 

Aver. temp. flue gases entering economizer, deg 

Aver. temp. flue gases leaving economizer, deg 
. Average draft suction, in 
. Number degrees superheated, deg 
. Weather and outside temperature Clear-Hot 
. Total heat of combustion per pound of dry coal, B. ae sl dap iat 13,970 
. Total heat of combustion per pound of combustible, B. T. U. 

REsULTs. 


Water e evaporated per pound of dry coal, Ibs.......... 
3. Equivalent evaporation per pound of dry coal from and at 212 degrees, 
including superheat and including economizer, lbs.......... 
. Equivalent evaporation per pound of combustible from and at 211 de- 
grees, including superheat and including economizer, lbs......... 
5. Efficiency on combustible, not including economizer, per cent. . . 
. Efficiency on combustible, including economizer, per cent 


Note.—The total weight of dry coal consumed for the 24-hour run of the second day, includ- 
ing banking coal, etc., was 9,715 pounds, and the total weight of water evaporated, 88,857 pounds. 
The water evaporated per pound of dry coal was 9,146 pounds, as against the 10,424 pounds given \ 
above for the 14.27-hour period. : 
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DISCUSSION. 


Mr. Frank H. Ball.—This paper is a valuable addition to the 
sum of knowledge regarding the steam engine, and the experi- 
mental investigation which it reports is of special interest in the 
study of multiple cylinder engines. It is to be regretted, how- 
ever, that the authors did not give us some more clearly defined 
conclusions which, in their judgment, are derived from the data 
of their trials. 

On page 154, the last sentence of the third paragraph makes 
the following announcement of the purpose of the investi- 
gation that is to follow: “The question is not whether a two- 
cylinder is better than a three-cylinder series engine, but 
whether novel proportions are to be adopted with the older 
type of engine.” From this announcement we are led to ex- 
pect some definite conclusions as to the relative merits of 
the 3-to-1 compound and the 7-to-1 engine, but the authors 
seem to have forgotten their original purpose and the only 
later reference to this comparison is an incidental remark on 
page 183 to the effect that “In a comparison of the 7-to-1 
with the 3-to-1 compound all efticiencies seem to favor the 
larger cylinder ratio.” This sentence would be entirely over- 

looked in a hasty search for an answer to the announced pur- 
pose of the paper. In the closing paragraph the following 
reference to the 7-to-1 engine is made: “It is a compound 
engine thermodynamically misapplied and operated under con- 
ditions—ideally at least—defective. It remains to be seen, 
however, whether with variable load this may not prove on the 
whole a practically correct and financially efficient system.” 
Presumably this comparison is made between the 7¢-to-1 and the 
3-to-1 compounds, and if so it is net a fair statement of the case, 
because the 7-to-1 engine made very much the better showing. 
If this comparison is made between the 7-to-1 compound and the 
triple, then it is misleading, because it is not clearly stated as 
such and will generally be understood to refer to the compounds. 

On page 176 a “conclusion” is announced, but here we 
look in vain for what we had expected as to the relative 
merits of the two types of compounds, so that we are left to 
delve among the figures for what we had hoped would be clearly 
shown in the conclusion. Most of us read these papers rather 
hurriedly, and often get but a vague idea of ame subject, or pos- 
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sibly an incorrect idea, unless the author digests it for us and 
furnishes a condensed summary of the conclusions that seem to 
follow from the data obtained. These conclusions should be © 
clearly stated and confined to the subjects actually investigated. 

If theories or opinions are volunteered it should be made clear 4 
that they are not based onthe results of the experimental inves- 
tigation if such is the case. Theories are both interesting and 
useful, but they should not be confused with facts. The paper \. 
under consideration is particularly faulty in this respect. Be- 


ginning on the nineteenth page, considerable space is devoted to 7 
describing “ The Requisites ” for certain results. Presumably, | - 


these deductions are based on the knowledge obtained from the 
reported experiments, but such does not seem to be the case, 
as they are totally irrelevant to the subject under investigation, 
and, what is still worse, some of the theories here elaborated are 
demonstrated to be false by the reported facts of the tests. 
This is most noticeable in the third clause of page 171, which 
reads as follows: “From either point of view, ‘drop’ between 
cylinders is evidently not desirable, except at the point of termi- 
nation of expansion in the low-pressure cylinder before condensa- 
tion begins, where drop is required to the extent of the sum of 
the quantities: friction and cylinder condensation wastes, includ- 
ing also, if it exists, leakage.” This theory in regard to “drop” 
is one that the writer has attacked before (vol. xvi., page 184, 
Transactions A. 8. M. E.); but on the former occasion his argu- 
ment was made in part from a theoretical standpoint. The 
data of the paper under consideration is good evidence on this — 
interesting subject, and certainly seems to disprove the theory 
just quoted from the twentieth page. 

In comparing the diagrams from the two compounds (the 
_ 7-to-1 and the 3-to-1), the most conspicuous difference is in 
regard to the terminal “drop” between the cylinders, and the 
higher efficiency is with the excessive “drop.” If Dr. Thurston 
has any facts to support his theory it is hoped that he will offer 
them in his closing discussion. The writer agrees with him fully 


as to the necessity of drop in the low-pressure cylinder to cover 
certain losses, but the same reasoning will apply with even more 
foree to the other cylinders, because, as this paper shows clearly, 
an appreciable part of the free expansion loss due to drop in the 
high-pressure cylinder is recovered by the improved quality of 
the steam entering the next cylinder. All the reasons for drop 
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in the low-pressure cylinder apply to the other cylinders and 
the additional reason just mentioned. The writer will not here 
repeat the arguments that he used in the discussion of Mr. 
Dean’s paper referred to below, but will put himself on record 
as still adhering to the position then taken. 

Referring again to the twentieth page of the paper under con- 
sideration, and the paragraph relating to “drop,” the latter half 
of this paragraph reads as follows: “ From either point of view, 
also, compression to boiler pressure with minimum dead spaces 
and minimum clearance, is requisite.’ There having been no 
investigation of the effect of comparison in the reported trials 
of the Sibley College engine it would be interesting to know 
what facts Dr. Thurston can give in support of his compression 
theory. 

This question was discussed in connection with Mr. Dean’s 
paper on page 186, vol. xvi., Transactions A. S. M. E., and in 
that discussion reference was made to the investigation con- 
ducted by Professor Jacobus, and reported by him in a paper 
presented at the Montreal meeting of this Society. That inves- 
tigation showed clearly that the best economy was not obtained 
by compressing to boiler pressure. Mr. Dean's reply to that 
discussion contained no facts in support of his theory, and he 
was content to rest his case by saying that the engine used for 
the Jacobus test had large clearance, etc. Possibly Dr. Thur- 
ston may be better supplied with facts to support his theory, 
but if not he will hardly take the ground that what is true of 
an engine with large clearance is not true in any degree with a 
smaller clearance. 

Mr. George I. Rockwood.—Dr. Thurston’s paper is full of in- 
terest to all steam engineers. The main object of the paper, 
perhaps, may be said to be to discuss that type of engine which 
is intermediate between the regular compound, of two cylinders, 
and the regular compound having three cylinders. 

So far as I know, this intermediate type of compound engine 
was not in existence six years ago, although the idea was par- 
tially exhibited in the design of certain marine engines, notably 
by those in the ships of Messrs. F. Leyland & Company, of Liv- 
erpool, who adopted them some ten years ago. I say “ par- 
tially,’ because the engines were too small for their boilers, and 
hence were run at a cut-off so late in the stroke that the free 
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engines a worse name than they were entitled to, and prevented 
the spread of the adoption of this type in steamships. It has 
appeared to me that the unsteady motion of a large set of such 
engines, which would be likely to accompany them when at 
work with full boiler pressure and an early cut-off, would tend 
greatly to render them unpopular aboard passenger ships. 

Certainly, however, it is true that this type of engine was not 
to be found at work anywhere on land six years ago. It is not 
strange, therefore, that the proposition to abandon the use of 
the intermediate cylinder of triple compound engines, advanced 


in the fall of 1891, was condemned spontaneously as wrong in 
principle by all the profession who took an interest in it; nor 
is it altogether to be wondered at that its progress has been 
regarded with suspicion. I think, however, that with the tests 
of several examples of this new type of engine before us, and in 
the light of the good work these engines continue to do, the 
time has come to admit the intermediate compoynd to good 
standing in the fellowship of engines. 

With the exception of what I have been able to do in the 
same direction, Dr. Thurston’s paper presents an account of the | 
first competent experimental investigation of the correct place 
which the intermediate compound should hold in the general 
theory of the compound steam engine. Although it is rather 
belated, I warmly welcome it as such. 

The discussion of the data is rather confusingly mixed with 
the author’s views of the relative standing of three well-known > 
engines ; but the paper is written with so much care that a close 
study will reveal where his views on the theory of the multiple- 
cylinder engine are based on the Sibley College experiments, 
and where on the tests of these three other unrelated engines. 
In a study of the paper the fact should be kept in mind that 
the deductions of Dr. Thurston from a consideration of the rela- 
tive economies of the three different types of engines—the 
Natick, the Allis, and the Louisville—are contradictory to his 
deductions from the data of the Sibley College engine tests. It is 
unnecessary for me to do more than refer to the fact that I dis- 
agreed wholly with the comparisons instituted by Dr. Thurston 
between the Natick, Milwaukee, and Louisville engines, in the 
discussion of Mr. Dean’s paper, vol. xvi, page 184, and which 
comparison he transposes from that paper into the present one. 
My comparisons, as given and published in the discussion on 
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that paper, whether actually true or erroneous, I still consider 
to be correct, and I still hold to them. 

The principal value of this paper to me lies, not in these com- 
parisons, but in that portion of it which is devoted to the very 
keen analysis of the trials of the Sibley engine. One feature of 
great interest is the investigation, by aid of the indicator dia- 
grams, into the effect of drop on cylinder condensation. After 
giving the figures for the quality of the steam, Dr. Thurston 
says on page 177: “Although with drop there is a marked 
increase in the range in temperature when calculated from the 
increased range of pressure in the high-pressure cylinder, the 
liberated heat from the expanded steam in the high-pressure 
exhaust is sufficient to make up for this increased pressure 
range, and to give even a slightly improved quality at the high- 
pressure point of cut-off. This liberated heat also has the effect 
of superheating the steam, and thus of lessening the internal 
loss in the low-pressure cylinder. There is also a gain of work, 
owing to the absence of an intermediate cylinder whose clear-— 
ance volume exceeds that of the high-pressure cylinder in the 
ratio of the squares of their respective diameters.” The curves 
given in Fig. 47 also show the remarkable extent to which an 
increase of drop increases the quality of the steam. The author 
proceeds to remark that the gain by expansion in the inter- 
mediate cylinder is sufficient to offset these good effects of drop 
in the case of the Sibley engine. This is valuable information 
in kind, for it shows how far one may proceed in increasing drop 
before it becomes a net loss to go further by reason of the 
increase in free expansion loss. It shows this, however, only 
for cases like the Sibley engine ; cases where the steam pressure 
is but 115 pounds and the vacuum 22.84 inches. I regret that 
the conditions of steam pressure and vacuum obtaining through- 
out these tests were not more representative of the best practice 
of to-day. Ifa boiler pressure of 160 pounds had been available, 
and if the vacuum had been 27 inches or more, the results 
would have been rendered of far greater general interest. The 
low boiler pressure and excessive drop are circumstances which 
prevent the general application of conclusions drawn from these 
data to engines working under more favorable conditions. 
Thirty pounds of drop is a much more serious handicap to an 
engine having a cylinder ratio of 7/1, when working with a_ 
boiler pressure of 115 pounds, than it would be if the pressure 
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was 160 pounds. I think investigations like this, however, are : 
particularly valuable to establish the precise point beyond 
which drop must not be carried, and I hope we may be favored | 
with more such experimental data. 

I should say that the general principle to be followed in the 
“intermediate compound” could be stated thus: 
When the “gap” due to “drop” exceeds the “gap” due to 
greater cylinder condensation, greater clearance, and to the 
wire-drawing action of the ports of the intermediate cylinder, 
then “drop” becomes a net loss. . 


design of an 


On page 173 Dr. Thurston states his conclusions from a com-_ 
parison of the data yielded by the Sibley engine, run in the 
three different ways, in the following words: “In conclusion, — 
these comparisons, after making all allowances, show an economy 
in favor of the triple, when compared to the 7-to-1 compound, of 
over one pound of steam per horse-power per hour, and a larger’ 
gain by the latter when compared to the compound engine of 
3-to-1 ratio. The bearing of these results, however, on the 
relative merits of the three types, is a matter which experiment 
on one engine and under one set of conditions cannot definitely 
determine. As tests have been made of the triple-expansion 
engine under all systems of jacketing, there is no room for im- 
provement in this direction. In the 7-to-1 compound, however, 
a change in the jackets, and even more probably a change in the 
size and distribution of the receiver volumes, might reduce, i 
not nearly bridge over, the gap which at present separates it, so 
far as steam consumption is concerned, from the triple-expansion 
engine.” This last statement is an important admission. I 
think the truth of it would be still more evident if the diagram 
on Fig. 44 were altered a little in respect of the position of the 
triple curve. If the curve were to be drawn through the actual 
points of the tests it would be seen to hug the curve of the 
7-to-1 compound quite closely, but forming a hook at its lowest 
points. Perhaps the disturbing influence which causes this 
sudden increase of efficiency in the triple might produce the 
same effect in the compound if present at its trials. I presume 
the triple had a better vacuum, or drier steam, or perhaps an 
xecidental improvement in radiation, to account for the peculiar 
shape of the actual curve. 

The comparison of the combined indicator cards in Fig. 45 is 
valuable, and T do not see why it may not be regarded as con- 
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_clusive evidence of the substantially equal economy of the two 
types of engine. If one measures the shaded portions belong- 
ing, respectively, to each engine, but neglects the lowest shaded 
portion, representing the advantage of the triple due to a better 
vacuum, and neglects also the shaded portion at the top, repre- 


senting the advantage of the compound due to a little higher 
steam pressure, it will be found that the compound is consider- 
ably ahead. The triple would undoubtedly nullify this advan- 
tage if its temperature range were lessened by the difference in 
vacuum, as Dr. Thurston points out at the bottom of page 166. 
At the end of the paper Dr. Thurston alludes to the first-rate 
vee performance of the compound Allis engine at the Warren Manu- 
facturing Company’s mill in Rhode Island, as representative of 
the best work of a mill engine of the “orthodox compound ” 
type. Now, as a matter of fact, this engine has a cylinder ratio 
quite a good deal larger than the “ orthodox” ratio of 1-to-3.5. 
That is to say, instead of having a low-pressure diameter of 68 
inches, the diameter of this cylinder, to represent common 
: practice, would have to be 5° inches; the difference makes the ” 
~ actual ratio, 1-to-4.7, larger by an increase of 34 per cent. The 
engine is also of huge size, compared with any existing example 
of the intermediate type of compound engine. But over against 
the steam consumption per horse-power of this engine let me 
put that of the Grosvenor Dale 18-inch and 48-inch by 48- 
inch cross-compound engine. The Warren engine is said to use 


12.5 pounds. The Grosvenor Dale engine requires only 11.9 
pounds, although of but one-third the power; this with but 
* 143 pounds steam pressure. This result, which—according to tle 
report of Mr. Barrus which is published in a recent number of 
a technical journal *—is accompanied with a coal consumption 
of 1.18 pounds, presses closely on the heels of the Leavitt and 
Reynolds engines. In fact, this engine undoubtedly surpasses 
them both in economy per delivered horse-power. Why, 
then, is it not unfair to call it an “ engine thermodynamically 
misapplied, and operated under conditions—ideally, at least — 
defective?” Itis neither a “ mutilated” triple compound, nor is 
it an abnormal instance of an ordinary “ orthodox ” compound. 
It is a type by itself, standing at the head of all engines of 
whatever-type, so far as our experience goes, up to date. 


The Engineering Record, issue of November 20th, and supplement of paper 
under discussion, 
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Mr. John H. Barr,—About the time the experiments of Messrs. 
Brinsmade and Harding were being planned, Dr. Amsler (then 
a fellow in Sibley College) undertook an investigation along 
lines which were suggested by me as the result of speculation 
upon the advantages and disadvantages of Mr. Rockwood’s 
system. It appeared that the principal mechanical and thermal 
gain by the latter system over the ordinary triple was (under 
steady load) due to the smaller clearance loss ; next in impor- 
tance is the saving from reduced wire-drawing between the 
cylinders ; while the drying of the steam by free expansion 
during drop at release in the high-pressure cylinder is an inci- 
dental but small source of gain. Under a load varying through 
wide range, a great drop at high-pressure release permits con- 
siderable change in the point of cut-off without either looping 
at the end of expansion in the first cylinder or materially 
changing the receiver pressure. Owing to this last feature, it 
seems possible that such an engine may give favorable results 
under varying load, even if its best performance is inferior to 
the best performance of a corresponding triple-expansion en- 
gine. The disadvantages of the two-cylinder engine, as com- 
pared with the triple, are the increased cylinder condensation, 

_ and the mechanical loss due to the considerable drop after high- 

"pressure release. For comparison, tlie records of trials of the 
Bibley College triple-expansion engine were used as data. 

Diagrams, which it was assumed would approximately represent 
the corresponding two-cylinder type, were then constructed. 


The resulting graphical work is very similar in appearance to 
_ Fig. 45 of the present paper, except that the initial and exhaust 
_ pressures were kept constant for all cases. It was assumed 
that the receiver pressure with the two-cylinder type remained 
the same as for the last receiver in the triple ; that initial 
condensation in the high-pressure cylinder increased in the 
ratio of the increase of temperature in that cylinder, and that 
the accompanying greater re-evaporation would give the same 
quality at exhaust as with the triple. This last assumption 

may not be entirely warranted, but inspection of Fig. 45 shows a 
similar result from actual trials. 

When the second cylinder is cut out, if the point of cut-off 
n the high-pressure cylinder remains unchanged, the additional 
uitial condensation requires a greater quantity of steam to fill 
‘he cylinder up to cut-off. The loss thus incurred in the first 
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cylinder is partially compensated for by the larger quantity of 
steam admitted to the last cylinder, in which the condensation 
presumably is not much different than with the triple. 

The effect of the free expansion in drying the steam was found 
to be small. Without going into further details the results will 
be given. 

RESULTS. 


Unjacketed Engine. 


Triple: I. H. P. = 140.2 ; Water Rate = 15.78 
Cylinders: I, H. P.=141.0; = 18.86 
Triple: 1. H. P.= 46.1; = 19.92 
Cylinders: I. H. P.= 57.4; 20.10 


a ae Triple : 1. H. P. = 141.4; Water Rate = 15.37 
Pwo Cylinders: P.= 152.0; = 19.58 

= '& Teiple: 1... P.= 45:6; 

ss Two Cylinders: 1. H. P. = 47.7; = 16.80 

Prof. Horace B. Gale——The points in this paper to which I 
wish to call attention have been already touched upon by Mr. 
Ball and Mr. Rockwood, but not as emphatically as it seems to 
me is justified by the importance of the subject. They are ex- 
pressed in the following paragraph (page 171), which T quote : 

‘From either point of view, ‘drop’ between cylinders is evi- 
dently not desirable, except at the point of termination of ex- 
pansion in the low-pressure cylinder before condensation begins, 
where drop is required to the extent of the sum of the quan- 
tities: friction and cyclinder-condensation wastes, including 
also, if it exists, leakage. From either point of view, also, com- 
pression to boiler pressure, with minimum ‘dead spaces’ and 
minimum clearance, is requisite. In either class of engine the 
machine acts as a whole, and is to be treated as if the work at 
the crank-shaft were performed as indicated in the combined 
diagram, in the case of the multiple-cylinder engine, precisely 
as if it were a simple machine.” 

This question of “drop” at the end of the expansion line in 
the high-pressure and intermediate cylinders of a compound 
engine has been brought up several times in discussions of the 
compound engine before this Society. 

I remember first advocating the desirability of such a drop in 
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years ago, in the discussion of a test of a compound engine by 
Mr. Barrus, and again at the San Francisco meeting in 1892, in 
the discussion of the paper by Messrs. Green and Rockwood, 

1 “* Two-cylinder versus Multi-cylinder Engines.” 

wh has seemed to me as absolutely demonstrable as any prop- 
osition in mathematics that such a drop i is advantageous. 

If the authors of this paper will spend a little time over the 
mathematics of this question, the fact will be as obvious to them, 
I believe, as it is to me, that “ drop” between cylinders is desir- 
able and necessary to attain the highest degree of efficiency. 
Many able designers seem to have taken for granted that the 
desideratum in a compound engine is to make composite dia- 
gram correspond as closely as possible to the theoretical dia- 
gram of a single-cylinder engine having the same initial and 
final pressures. In so doing, however, they sacrifice a part of 
the practical advantages in reduction of heat losses which give 
the compound engine its superiority over the simple engine. 

There are several ways of proving this proposition. Here is 
one. Consider any cylinder of a multi-cylinder engine, work- 
ing between receivers at two given pressures. It takes steam 
from a receiver (or the boiler, as the case may be) at a fixed 
pressure, and delivers it to another receiver (or to a condenser, 
as the case may be) at a lower fixed pressure. Any one of the 
cylinders, considered by itself, is a simple engine working be- 
tween a fixed initial and a fixed back pressure. Anything that 
increases the efficiency of any cylinder, by itself, working be- 
tween its given pressures, must increase the efficiency of the 
whole engine, provided, of course, that the change does not 
affect injuriously the quality of the steam delivered to the fol-— 
lowing cylinder. Now, it is admitted that the efficiency of a 
simple engine working between any two fixed pressures is in- 
creased by permitting a certain “drop” at the end of the ex- 
pansion line—because such a drop permits the use of a smaller 
cylinder to do the same effective work, thus diminishing the > 
heat losses and friction losses, each of which increases with > 
the size of the cylinders. 

Such a “drop,” therefore, will increase the efficiency of each 
cylinder of a multi-cylinder engine, and therefore must improve 
the performance of all the cylinders together. With the same 
initial and receiver pressures, the “ drop” permits each cylinder 
to be made smaller, doing the same work, than it could be made 
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if the expansion were carried down to the back-pressure line 
This reduction of size of cylinders saves friction and condensa- 
tion losses, at the expense merely of the minute triangular 
areas cut off from the ends of the diagrams of the separate 
cylinders. 

The total area cut off from the composite diagram will be 
very much smaller, if divided among three small triangles cut 
off from the tips of the diagrams of the three cylinders of a 
triple engine, than if concentrated in a single triangle of three 
times the height, cut off from the end of the low-pressure dia- 
gram. This is simply a matter of plane geometry. 

It is therefore not true that the total drop can be better (or 
even equally well) concentrated in the low-pressure diagram. 

As to the effect on the steam delivered to the receiver, the 
drop, or free expansion from eylinder to receiver, so far from 
injuring, tends slightly to improve the quality, or dryness, of 
the steam. 

These considerations apply to the efficiency of the engine 
under its ideal conditions of load and pressure, and are inde- 
pendent of the questions of variation of load and cut-off, brought 
up by Dr. Thurston, and which make desirable in practice a con- 
siderably greater “drop” between cylinders than is required 
for maximum efficiency under ideal conditions. 

The results of the tests reported to the Society now appear 
to justify the opinion expressed by the writer in the Tyransac- 
tions of 1888 (vol. p- ), and he desires again to put on ree- 
ord the proposition that any multi-cylinder engine whose indi- 
cator diagrams do not show a “ drop” at the end of the expansion 
in each cylinder, under the ordinary working conditions, is not 
designed to secure maximum economy, either theoretically or 
practically. 

Similar theoretical considerations, equally well borne out by 
facts, prove also that the greatest efficiency is attained when the 
compression is not carried quite up to the initial pressure. The 
latter point has been so ably presented by Mr. Ball in a recent 
paper that I will not take time now to discuss it further. 

Mr. Rockwood.—I wish to speak in addition upon the point 
Dr. Thurston raised in commenting on the Grosvenor Dale 
engine test made by Mr. Barrus. His point was that the best 
economy attained with this engine was found when the cut-off 
in the low-pressure cylinder was early instead of late in the 
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obtained on the Sibley engine, and also to disprove the notion 
[ have entertained that “drop ” was a good thing, as this engine 
did the best with the least amount of drop. But there happen 


stroke. This, so far as it goes, tends to disprove the results 5 


to be in Grosvenor Dale two engines of this type now, one an ; 
18-inch and 44-inch by 72-inch, and the other an 15-inch 7 
and 48-inch by 48-inch. You notice the difference is in the 4 
diameter of the low-pressure cylinders and in the stroke. The 7 
steam pressure is about the same in both cases, and the highest — 
economy was with the engine having the greatest disparity of | 
cylinder volumes. 

The point to which I wish to call your attention is, that Mr. 
Barrus found the best economy with one engine when the cut- 
off in second cylinder was shortest, and he found precisely the 
opposite state of affairs with the other engine. In both cases — 
the advantage of one cut-off over another was slight. Now, 

which engine is to be taken as representing the action of such 
an engine when working without leakage? I think that differ- 
ent rates of leakage in different parts of engines working with 
different points of cut-off, will explain inharmonious results, and 


same ; neither did it take place at the same points in both en- 
gines. So that I do not think Mr. Barrus’s experiments, where 


solely directed to an investigation of the effect of “ drop,” prove 
its effects on eylinder condensation, but they show what its ie 
total effect is on initial condensation plus a variable leakage. 


such is the explanation of the opposite results obtained by Mr. iy 
Jarrus in these tests. That is to say, the leakage was not the 


They are valuable because they show that considerable drop 
may occur without injuring the economy of the engine as a 
whole. 
Prof. Dwelshauvers-Dery.—Professor Thurston, in giving the 
result of his experiments on the proportioning of the cylinders 
of multiple engines, has rendered great service to the construe- 
tor and to science, aceording to his usual habit in these matters. 
It is desirable that other countries should be able to derive 
benefit from them as well as those only which make use of the 
English language, and the units of measurement prevailing in — 
these countries. I take it upon myself to contribute with re-— 
spect to matters appertaining to the French-speaking countries, _ 
but I combine with it a request to the author, or those “a 
make reports on the tests of steam engines. —_ 
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To express the steam consumption of an engine they are ac 
customed to give the number of pounds of steam per horse- 
power per “only as deduced from the experiment itself. Now, 
a pound of steam has not always the thermodynamic 
value ; this depends both on the pressure and also on the de- 
gree of superheat, as is remarked by Professor Thurston him. 


same 


self on the eighteenth page of his paper in connection with the 
superheated steam-engine of Schmidt. In fact it is the thermo- 
units of heat and not of water which the machine consumes, 
and it ought to be understood that it is the number of thermo- 
units which is designated under the name of “ pound of steam.” 
Without this it will not be possible to make exactly the com- 
parison of the 
engines working at different pressures and different degrees of 
superheat. The Schmidt highly 
heated, would seem, according to the real consumption of steam, 


results obtained by different experimenters on 


engine, with steam super- 
to be more than 20 per cent. more economical than the Milwau- 
kee engine. I have made it apparent by the number of thermo- 
units consumed by each machine per metric horse-power per 
hour, that these two engines were very nearly equivalent, that 
of Milwaukee being only about one-tenth of one per cent. in 
advance. With us in Belgium the custom seems to be likely to 
stablish itself, that the consumption in 
power per hour, should be obtained, and this should be divided 
by 655,062, which represents the total heat of a kilogramme 
of superheated steam at six atmospheres tension. 
tient represents the consumption expressed in kilogrammes of 


calories per horse- 


The quo- 


steam, whose definition and quality are exactly given, and which 
differ evidently more or less from the consumption experi- 
mentally measured. This latter has served only to establish 
the consumption in calories, above stated. 

The same result would be obtained if it were agreed to de- 
termine the consumption in British thermal units per horse- 
power per hour in English units, and to call by the term “ pound 
of steam” the number 1,179.1 British thermal units, which rep- 
resents the total heat of a pound of superheated steam at six 
atmospheres, or 88.2 pounds per square inch. This experi- 
mental number of British thermal units per horse-power per 
hour, divided by the number 1,179.1, will express the consump- 
tion in a style which shall be uniform for all engines. 

I have used the term above, “ English horse- -power per hour,” 
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because it differs from the metric horse-power per hour whose 
The English horse- 
power of 33,000 foot pounds per minute is equivalent to 76.039 
kilogrammeters per second. Since the English pound is equiva- 
lent to 0.453593 kilogrammes, a consumption of a pound per 
English horse-power is equivalent to a consumption of 0.4474 
_kilogrammes per metric horse-power. 

Proressor Thurston.—The remarks of the first speaker inter- 
ested us all, and probably have proved somewhat instructive to 
His 
comments upon the paper in general are of a class with comments 
to which I have become well accustomed in the last twenty 
I think he will modify them, as time goes on, as many 
others have found reason to do. But, in general, I say that I 
agree very thoroughly with much that the gentleman adds in his 
discussion of the paper. There are two or three points, pos- 
sibly, on which I shall have to make some qualification of my 
own statements—certainly some qualification of the interpreta- 
tion which has been put upon them. 


value is 75 kilogrammeters per second. 


the members of the Society, as they certainly have to me. 


years. 


As I have said, the question is not so much whether the two- 
_eylinder compound is better than the three, as whether novel 
_ proportions are to be adopted where we conclude to use a two- 
. That, I take it, is the question. Expe- 
rience shows that there are cases where, other things equal, we 
certainly would adopt a compound rather than a triple-expan- 
sion engine, although the triple-expansion would be the more 
efficient engine; that is, it would do its work with a smaller 
- consumption of heat, steam, and fuel. Among compound en- 
_ gines which are approaching closely to the efficiency of the 
triple-expansion engine at the higher pressures, we find some 
which are doing work so nearly the equivalent of the work of 
the triple-expansion engine that it becomes a question what are 
the best proportions for such engines in cases in which it would 
be perfectly satisfactory to use them in place of the more ex- 
I think that is where the main 
interest attaches to the work of Mr. Rockwood. 

Mr. Rockwood speaks of the point noted on page 166—in re- 
gard to the way in which the work reported is diagramed. I 
am inclined to think—as I judge from his remarks he is also— 
that the curve for the triple-expansion engine should probably 
lie somewhat higher, which would give added advantage to the 
14 


-eylinder compound, 


pensive forms of the triple. 
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curve assigned to his type of engine. I think this criticism is 
correct. Iam not inclined to lay too much stress on the com- 
parison. I think, as Mr. Rockwood himself has said, that there 
is a great deal still to be learned. We certainly have learned 
this much: that most remarkable work has been done by the 
engine which has these peculiar proportions. 

Mr. Ball is inclined to criticise the deductions on page 170.— 
I remember not very long ago some gentleman made a comment 
upon some point in a paper which indicated that he had not, 
carefully certainly, read that particular portion of the paper. 
If Mr. Ball will re-read page 170, giving special emphasis to the 
word thermodynamic, in the first line, I imagine he will be led 
to somewhat modify his comment. 

At page 171 a discussion has arisen in regard to the nature of 
drop as an element in steam-engine design and steam-engine 
economy. I think that what has been said about drop has been 
largely correct. I do not think that it necessarily conflicts with 
the ideas that I have presented. There are cases, unquestion- 
ably, many cases very likely, where drop should be shown on 
indicator diagrams exhibiting the best performance of an engine. 
The point that | had intended to state was that, nevertheless, 
drop is not, in itself, a desirable thing. That is to say: as in 
the case of the steam-jacket, there are many cases where its use 
is desirable, where it will give large economy; nevertheless it 
is, intrinsically, a defective device for improving the efficiency 
of a steam engine, and so the necessity, so often apparent, of 
introducing drop, in the case of a compound engine, is merely 
a necessity for introducing an obvious defect—to reduce other 
defects, if possible, in larger ratio. 

We desire, in planning the diagram of a steam engine which 
represents its thermodynamic operation, to secure from the 
given amount of heat and steam supplied the largest possible 
amount of work. That largest possible amount of work is ef- 
fected by the production, by such an engine, of an engine dia- 
gram that shall have no breaks and no losses of area; and in so 
far as those breaks in the line of the combined diagram, and 
those losses of area, indicate losses of power, they are the re- 
sults of defects, and if these particular defects should be found 
to be necessary, it must be simply because they are a conse- 
quence of the existence of other defects in which they are more 
or less of an antidote. 


MULTIPLE-CYLINDER STEAM ENGINES. 
. 
a 
a 
. 4 
= 
4 
a 
x 
> 
= 


MULTIPLE-CYLINDER STEAM ENGINES. 


The remarks of Professor Gale on this point are simply a 
statement of a well-known fact of a somewhat different sort. 
That is to say: we know perfectly well that in every engine, if 
we carry the expansion too far, we produce indicated power at 
the expense of a greater loss of power in the friction of the 
éngine. We know also that, if we carry our expansion to the 


extreme, increase of expansion produces an increased waste, 
due to initial “cylinder-condensation.” The drop, which means 
termination of expansion at comparatively high pressure at the 
end of the stroke, is a defect introduced to correct other and 
_ presumably greater defects. We should seek to remove every 
defect ; but it does not follow that we ought to remove any one 
defect entirely where its complete removal would introduce a 
still greater defect. For example: there is always a _ point 
beyond which the friction of the engine, or beyond which the 
condensation of the steam cylinder, has an effect so great as to 


more than compensate for the amount of increased power that 
would be obtained by decreasing the amount of drop. 


Mr. Ball comments upon another paragraph, reading this 
line with special emphasis: ‘From either point of view, also, 
compression to boiler pressure, with minimum ‘dead spaces’ and 
minimum clearance, is requisite.” Ido not think Mr. Bali him- 
self will object to that statement if he thinks it out carefully, 
and gives it the weight that those words intend. If we can re- 
duce our dead spaces to absolute minima, and can reduce our 
clearance to an absolute minimum, then the necessities of wastes 
in other directions become less. It is desirable both to decrease 
the clearance and therefore to decrease the necessity either for 
compression of large volumes of steam, or for considerable drop 
in order that we may, by combined economies on both sides, 
secure a maximum total efficiency. 

Professor Gale states that each cylinder of the engine should — 
be treated as if it were a separate engine. I do not think that 
is so at all. The engine, as a whole, turns a crank-shaft, as a 
whole; and when the engine, as a whole, ceases to develop so- 
much power that the work at the moment is less than that re- 
quired to overcome the friction of the crank-shaft and the appur- 
tenant frictions of the engine, it is time to cease expansion. 
From this point of view it is not a matter of very much conse- 
quence whether that drop is at the end of expansion of the low- 
pressure cylinder or distributed through the several cylinders. 
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other reasons, it may be well to adopt some drop in each 
of the cylinders and to distribute this final drop—the quantity 
of which is made up of the resistance of the engine due to fric- 
tion, the resistance of the engine due to back pressure, and the 
loss by cylinder condensation of effect of heat that should be 
converted into work. 

I doubt if any one can say precisely what should be the com- 
pression on any one engine until he has used that engine with 
varying degrees of compression, and has experimentally ascer- 
tained where, under its normal load and usual working condi- 
tions, compression gives best results. I have just received from 
Professor Dwelshauvers-Dery, one of our honorary members, 
who has been experimenting with one of his own experimental 
engines in Belgium on this subject, and he reports in the last 
number of the Revue de Mechanique that he finds that, with his 
engine, compression is always objectionable, and that the more 
he compresses the worse the result. 

It certainly remains the fact, after all, that in order to im- 
prove the performance of engines it is wise to reduce clearance 
as far as we ean, to reduce all conditions that cause waste, and 
so approximate in every direction to ideal conditions ; in other 
words, as its friends say of football, “ Retain the uses and re- 
form the abuses.” I have no doubt that, after this subject is 
‘somewhat more completely investigated—and it is being very 
extensively investigated at present—we shall know definitely 
what to conclude. For myself, I am not inclined to dogmatize 
in this or any other direction. 

Prof. R. H. Thurston.*—Reviewing the paper and its discussion, 
I find little to require restatement or reconstruction. A second 
edition of the paper would, as always is the fact, be capable of 
improvement in method of statement and by excision and addi- 
tion; but the main facts are patent, and the conclusions must 
be made by each for himself; we are all, unquestionably, as 
ready to permit our colleagues to deduce their own conclusions 
as to insist upon the same right for ourselves. My own conclu- 
sions as to the essential elements of the matter in hand may be 
stated in most compact form substantially as on page 170 of the 
paper. They may even be summarized as follows: 

(1) The engineer should seek, in his design and constructions 


* Author's closure, under the Rules. 
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of steam engines, to produce, as closely as practicable, the ideal 
heat-engine cycle. 

He should reduce thermodynamic wastes of heat, steam, 
and fuel by the adoption of a maximum range of, as nearly as 
practicable, adiabatic expansion, starting from a maximum pres- 


- sure and terminating, as neariy as practicable, at a minimum 
back pressure, with full compression. 


(3) Where, as in the case of cylinder condensation, an un- 
avoidable cause of waste is met, he should, in its correction by 


to secure the best compromise ; making the sum of the original 
and newer forms of waste a minimum. 

(4) Applying these principles to the case in hand, the in- 
dicator diagram should be made to approximate the ideal as 
closely as practicable, and the limitations due friction and 
“cylinder condensation ” should be removed as far as practicable 


_by superheating steam, by jacketing, and by compounding, in such 


manner that the sum of the wastes, or iginal and artificial, may be 


-aminimum. Each should aid in removing the thermodynamic 


_and ideal defect—just so far as it is found to pay to do so. 
Thus we find that extreme expansion and extreme compres- 
sion, alike, have practical limitations ; “drop” becomes a neces- 


| = defect in summing up all defects for a minimum ; jackets pay 


in some cases, while in others they are commercially, even 
_ Sometimes physically, a defect. Multiple- -cylinder engines are 
‘demanded and pay well in some instances, simple engines in 
- rs, and in many instances the compound may prove, on the 
whole, better than the triple-expansion engine. Large clear- 
ances may be actually needed. 

In the paper here under discussion it is shown that, in prac- 
tice, the “‘7-to-1 compound” exhibits higher efficiency as its 
ratio of expansion becomes that suitable to its cylinder propor- 
tions. It is seen that, in the cases compared, at least, the com- 
~ pound suited to large expansion ratios approximates closely the 
best work of the triple-expansion engine, suited to similar ratios, 
which is compared with it. My own final deduction is, that the 
difference between the compound and the triple, for high ratios 

of expansion, and presumably, though not here determined, for 
high pressures, may be so very small that, in such a doubtful 
vase, it will best pay often, if not generally, to employ the 
simpler engine. 
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As to the distinguishing feature of the new form of compound 
—its large intermediate drop: I think it evident, as already 
stated in the text, that “drop between cylinders is not desir- 
able.” It may be needed as a corrective of excessive clearance ; 
it is certainly needed somewhere—preferably, I should say, at 
the termination of the expansion in the low-pressure cylinder— 
as a corrective of wastes by friction, ete., but it is, nevertheless, 
a defect compelled by the presence of another defect. The true 
deduction is that both defects should be, just as far as practicable, 
avoided. The ideal case should be approximated, in practice, in 
every practicable way. 

The conclusions on page 170 of the paper, as to the “ Requi- 
sites of Maximum Efficiency,” require no modification in view of 

the comments made upon them in this discussion. 

Referring to the remarks of Professor Dwelshauvers-Dery : 

‘The suggestion that the scientific measurement of efficiency is 
best given in thermal units rather than in pounds of steam, 
which is made by him, is unquestionably correct. The practice 

is coming to be usual on this side the Atlantic, and will, in 
time, I have no doubt, find practically universal adoption. I 
have myself customarily employed it with the older measure, 
and its use is illustrated in recent papers. In most cases /oth 

- measures should be given; not only because the practitioner is 
~ aecustomed to judge engines by the older gauge—which is, in 

fact, ordinarily a very accurate one—but also because both are 
needed to give an exact indication of the conditions of opera- 
tion and of the performance of the machine. 

_ For efficiency unity the extreme range of variation of meas- 
ure, between even-condensing and non-condensing engines, is 
usually only between the totals 2.3 to 2.5 pounds of steam per 
: horse-power per hour; while, in the same class, the variation of 
this unit is commonly insignificant, the temperatures of feed- 
water being those of good practice. It must not be forgotten, 

also, that the measure, in thermal units, per horse-power per 
~ hour, is subject, at the boiler, to variation with the variation of 

the effectiveness of the feed-heating apparatus, and the reported 
figure may thus be, to a certain extent, misleading. To secure 

- comparable measures, the range of temperature for which this 

quantity of heat is reported should be reduced to that between 
the temperatures of boiler steam and condenser 0 atmospheric 
steam, for condensing and for non-condensing engines, respec- 
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tively. Otherwise the efficiency of the steam-making apparatus 
is involved, and the efficiency of the engine is then stated in 
variable terms. The true and only accurate measure of the 
real efficiency of the engine is the quantity of heat, measured in 
thermal units or the equivalent, per horse-power and per hour, 
as determined by the measured amount of heat which must be 
imported into the water in the condenser at the indicated back 
pressure, to convert it into steam of the temperature, pressure, 
and quality of that entering the steam chest. The proprietor 
of the machine is finally mainly concerned to know the propor- 
tion of the potential heat-energy of the fuel, for which he spends 
his dollars, which is made to appear as mechanical energy at 
the engine-belt, or at the jack-shaft: that is to say, the weight 
of combustible demanded per dynamometric horse-power per — 
hour, or, in still more intelligible terms, to him, the dollars and 
cents per horse-power per annum which his utilized power costs 
him as a total. 


In the paper here presented, the efficiencies are measured, in 
the text, in weight of steam used, partly because the figures are 


sometimes quoted, partly because the experimental comparison 
is equally accurate when made on this more generally under- 
stood basis. They can be reduced quite accurately by taking the 
weight 2.3 pounds of steam as corresponding to efficiency unity, 
corresponding to 2,545 British thermal units per horse-power 
per hour, and, in the work here reported, substantial accuracy 
and a correct comparison may be made on this basis by multi- 
plying the figure for the pounds of steam, per horse-power per 
hour, by 20 to obtain British thermal unit per minute, or by 
1,200, the hour being taken as unit of time. The figures sug- 
gested as desirable are, in this paper, given in Appendix A, and, 
if desired, can be reduced, as just indicated, for Appendix B. 
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THE LAW OF HYDRAULIU OBSTR UCTION L IN CLOSED 
STREAMS. 


BY DAVID GUELBAUM, SYRACUSE, N. Y. 


ee | (Junior Member of the Society.) 


THE class of phenomena here considered are such as are pre- 
sented in Fig. 50. A stream is enclosed in a conduit casing with 
an upset, or change of section, and passes around an obstruction 
placed at some distance from the upset. Notwithstanding the 
frequency with which these phenomena are met with in prac- 
tice, they have been and are still a problem standing, as vet, un- 
solved ; and even in the simple case of a stream within a clear 
pipe passing around a flat baffle, the contraction of the stream 
and its effective pressure upon the baffle are as yet unknown 
both experimentally and theoretically. The establishment, 
therefore, of a law governing these phenomena, or of a general 
property common to all of them and affording a basis for a 
general solution of these problems, would be a decided gain. 
After certain investigations, I discovered such a common and 
very remarkable property, which I would call the “law of 
hydraulic obstruction in closed streams.” I see no other 
way of demonstrating that law but by rendering here the method 


of investigation which led me to its discov ery. 


Let Fig. 51 represent a pipe with an upset of diameters, 
respectively / and d,, and a flat baffle inside with a stem of 
diameters, respectively, d, ¢., and d,, as marked on the sketch. 
Through this pipe, water is being forced with initial velocity v 
under initial pressure p. Let the resultant of the total reactive 
pressure of the baffle plate, on either side of it, upon the water 
be denoted by P, and P,; and the resultant reactive pressure of 
the upset by p,, and p, per unit of the respective concentric 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, anes forming part of Volume XIX, of the 7’ransactions. 
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areas indicated on the sketch. Then, for the mass of water 
enclosed between the sections AA and 2A, at and outside of 
which the stream runs in a straight current parallel to the axis_ 
of the pipe, the condition of equilibrium at settled uniform: 
motion will be: 


p AG dZ) + pm —d’)+ — — p, —d3) 
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Here the first term expresses the pressure in section AA ; 
the second and third terms, the pressure of the upset ; fourth 
term, the pressure in section 42; fifth, sixth, seventh, and 
eighth terms express the retarding action of gravity and friction 
of the masses of water enclosed between the sections 44 and 
CC, CC and bottom of baffle, between bottem and top of baffle, 
and between top of bafile and BL; whereby the friction in 
each of these masses is expressed in an equivalent weight of 


GUELBAUM 


water having the same cross section as the corresponding mass 
of water and a certain height denoted respectively by //,, //, 
Se, fe, and SH: * The ninth term expresses the variation in the 


* ‘Such presentation of friction presuppose s the diffusion of friction all through 
the mass of water uniformly, acting on each particle alike. Such supposition of 
course cannot be quite true ; but as only a short piece of pipe is being considered 
here, the friction will amount to very little, anyway, compared with other forces, 


and is being introduced only to ascertain its possible influence, and will disappear 
later on by itself. 
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quantity of motion between the sections 1A and 2B per second. 
battle upon the water ; i.c., the fofa/ load necessary to apply to 
the stems @, and d, to keep the baffle in place against the current. 


This equation will be more convenient as presented below : 


Dm Pi d Pa — Pr d? d? 


p —d,? 


Me 
"(v — v,) — (A, + + fh) 


e, + fe, + H, + fH.) 


d 


Let c, denote the resultant vertical projection of the velocity 
of the stream when it passes the cylindrical surface 7/,/, on — 
line EF, as marked on sketch; and +, the vertical velocity of 
the stream at its most contracted section /)/) after it passed the 
baffle. Then the equation of equilibrium for the mass enclosed _ 
between the horizontal sections ('(’ and DD, outside of the- 
cylindrical surface will be as follows : 


(dy — de) di) (h + ph + fe +e + fey) 


p AG — %) — po) 4 df) = = 


Here the first term expresses the reactive pressure of the 
upset upon the mass of water; the second, the retarding action 
of gravity and friction ; the third, the variation in the quantity 
of motion per second between the sections LF’ and DD, and the 
last term, the back pressure in section DD. This equation, 
too, will be more convenient as presented below : 


Pn — Pr d? _ d? — 
p a — de at — - dz 


te +e) +f)=0. 
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Beside the above two we have still the regular Danillo Ber- 
nouilli equations, one for sections AA and PLB: 


Here Y; denotes the loss of height between sections 14 and 
DB, due to the presence of bajjle only ; to this, therefore, is to be 
added the loss by impact from the upset at absence of baftle, 
which is equal to: 

1 /d? — \ — d?—dz \? 


— d2\? v? 
= (‘ } and also the loss by friction is added. 


Another Bernouilli equation for sections )) and 2P will be: 


2y p 2q 2q 


This completes the fundamental elementary equations forming 
the basis for further constructions. 

Subtracting equation (2) from equation (1), and excluding 
(p — p,) and (p,— p,) by means of equations (3) and (4, we 
obtain one following equation : 

hh +e + +f) | 


+ (e+e + +f) | + 


on) t 


v; 


(Uy — Uy)" Vv v 
of + — —(% — 


Simplifying the third term from the end and the last one, as 


follows : 
+ + + 2y 1) 


2 —div 
d? —d,? q gq d*? — dj? d;* — 


) ? ) — (le / f 
p 2g p 2q ) \ 2q 
+(H,+h+e+4+e + (1+ (3) 
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and dividing all terms by — , the above equation can be written 


as below 


| P, — P; d, e+e, + 
(5). 


In above equation (5) the first term has for its denominator 
the initial quantity of motion of the entering stream per second ; 
the second and third terms represent the statical pressure upon 
the baffle which would exist if the water could be stationary, 
with the addition only of friction due to motion; the fourth and 
fifth terms express the pressure upon the baffle due to the 
change of the initial velocity from v into the final velocity v, ; 
that is, this pressure is caused by the upset only of the pipe 
from diameter / to diameter ¢,, and this change of pressure be- 
tween sections 44 and BB would be the same if there would be 
no obstructing baffle inside. Therefore, the sum total of the 
first part of equation (5) represents the pressure upon the baftle 
per unit of initial quantity of motion due to presence of baffle 7 
only; this pressure per unit quantity of motion we will desig- 

nate by one letter P. 


Tn the second part of equation (5) the first term, repre- 


sents the loss of height per unit of initial quantity of motion 
due to presence of bafile only ; we will designate this by one 
letter Y. The second and third terms express the condition of 
the stream at entrance between baffle and seat. and we will des- 
ignate them by one variable z; this is that unknown quantity 
which determines the pressures P, and P, upon each side of the 


‘ 
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bafile separately, because from the condition of equilibrium of the 
mass enclosed between AA and bottom of baftle inside of AF, 


) 
after excluding /’ by means of equation (3), we have : 
p 


—d, 


—d 
4( Th 


es 
Here all terms are known but z, Y,and /’,. In the last term, 


= 
expresses the relative contraction 


My 


equation (5), the factor 


of the stream past the baffle, and we will designate it by one 
variable « Hence equation (5) can be written in the following 
shape : 


(I) 


Of the two variables 2 and «, only 2 will be treated as an inde- 
pendent one, because when the condition of the stream between 
baffle and seat is given its further course is already fixed. 

Concerning Y— the loss of height from presence of baffle per. 
unit of initial quantity of motion—it will consist, first, of the 
possible impacts and horizontal frictions taking place between 
baffle and seat; and second, of the impact past the baffle. The 
last one depends only upon the contraction at section )) J) and is 


equal to « 5~; the first one is uncertain, and by analogy we will © 
2q : 


> 


designate it by 7 a0" so that 


I will now ais the principle of least work, or least resist- 
ance. This will be expressed in the condition : 


P= const; 


= 
+ 
P, 
‘ 
= 
> 4 we 


This simply means, that in case of a baftle with a fixed load 


upon it, of all the possible adjustments of 


the stream between 


battle and seat balancing the load, that adjustment will prevail 


dY 


dz 


at which the loss Y is minimum ; or, 


From the fact | 


= 0. 


that at uniform initial velocity of the stream the external forces — 


which is possible only at minimum Y, 
of Y is such that it 
~ such is the ease the following will show : 
4 

differentiation : 

—dedz 

d?—diée’ 


Y from (1) and (II) 


Excluding 
have : 
d; - d? Oy 


Determining (2 + ¢) from equation (7 


ind replacing #7 by 2 }’—.«*, we get: 


admits of a condition of minimum. 


and determining 


2P — 22 + (2 + 


applied here are constant, it may justly be inferred that the 
vase here considered ought to be one of stable equilibrium, 
provided the function © 


That 


Based on condition (6) we have from equations (I) and (II) by 


Oy 


+ OF 


dz 
_ de — d, 


oy 
dz — 62 


dz 


r, we will 


= + /dz; hence 


y) 
(7) 
)}and from equation (1) 
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+2(P=F)je- 


d,” 


Adding and subtracting to last equation e 
( 


a 


a Ld? = 


—d; d, — 


Which of the two factors in equation (8) is zero can be decided 
in the following way: Subtracting equation (3) from (1) and 
making the usual modification, we obtain : 


At a position of baffle far away from the upset, /,, and p, will 
become equal to p — the initial pressure of the entering stream, 
while at position of baffle near by the upset, p,, and p, will be 
less than p on account of increased velocities and loss of pres- 
sure through resistance. Hence the second part of equation (/) 
will vary with different positions of the bafile, and P — Y cannot 
be a constant; therefore in equation (8) the second factor only 
can be zero; 7.¢.: 


| 
a 
a ), we obtain: 
— 
or, 
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The unknown arbitrary term ¢ in equation (9) can be replaced 


_ by a more comprehensive one. Let Fig. 52 represent the same 
baffle within the same casing as in Fig. 51, only removed at 
such a distance /, from the upset that the latter ceases to influ- 
ence the passage of the stream around the baftle, so that the 
case becomes practically one of a baffle within a clear pipe. 
Then the condition of equilibrium for the mass enclosed be- 
tween AA and BH, retaining the same notations as in equa- 
tion (1), will be: 


— dy’) (e + fe) 


di) (th + 


1 
p= (dy — d,) 


, as modified below and divided by p- *(a — d,?) 
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and the Bernouilli equation for the same sections 14 and LB: 


l 2 ) 92 


p 2 2q 
From (1)' and (3)' we have, excluding (p,' — p,): 


Pls (e+ H)(14+/S)) | 
.p / 

d? — d?v,' 
dz gy 


2+ H, 
er I 4 f))- +f 


Y 


- a= ( d?—d\ 1 


v 


Denoting the first part of this aaa by P,, as we did in 


> 


equation (5), and replacing by Y= 9 , in analogy 


Y 
with equation (II), equation (5)' can be written as follows: 


q 
| 
is . de —d? 
\ 2g = ay - 
d? —d = P} 
or, as below: 
— (d? — d?) - 
os : The last term is obtained by replacing 7 by 72s Equa- 
| be : tion (I)' represents equation (I) with the condition that the dis- 
— 


LAW OF HYDRAULIC OBSTRUCTION IN CLOSED STREAMS. 224 


tance /, between bafile and upset has reached its limit i. At the 
same limit equation (9) would become : 


] Subtracting — (9)' from (9), we have 


dZ 
— - 


} Excluding here the last term by means of equation (I)', we 
obtain : 


d2—d2. d? —d? sae 
(IIT) . : + 


It is this equation (III) which I believe to represent the gen- 
s ral law of hydraulic obstruction in closed streams. Expressed 
in words, it says: If an obstruction placed within a stream en- 
= in a casing with an upset is changing its position from 
the limit distance /, to the distance / towards the upset. causing 
thereby a certain variation in the quantity of motions of the con- 
— tracted stream around the obstruction, then ‘iv difference between 
the full pressure upon the obstruction and the direct pressure upon it due 
ty loss of height only, equals twice the part of the variation in the quantity 
of motion that reacts upon the area of the olistruction, plus a certain con- 
vant; pressures and loss of height mentioned being those due to 
presence of obstruction only. 


Ix the further investigation to follow, the constant terms 
fat »?\ 
) and 


— 


é will be dropped from equa- 


tion (ITT); both terms will be understood as included m the 
‘otal pressure P. The separate appearance of these terms is 
ierely due to the fact, that the pressures have all been referred 


the initial section of the stream 4 — ds) in plane AA, 


“ig. (51), while the pressures due to the lcss (a,°+ y) and to 
he variation (v',—v,) are actually distributed all through the 


nal section 4 (d,?>—d,?) in plane BP. 


* Added after the meeting 
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From equation (IIT) one general conclusion may be made, 
namely, that in deformations of closed streams, such as pro- 
duced by a body immersed within the stream, the only source 
of live pressure, or reaction (P — })), is the final stream con- 
. traction, or impact,a. As the character of the deformation 
remains the same, whether the immersed body is stationary or 
possesses velocity and acceleration, then, the relation between 
the reaction and the stream contraction w ought also to remain 
the same in both cases, and equation (IIT), therefore, ought to 
apply to moving obstructions as well as it does to stationary 
ones. This would not contradict the assumed condition P= 
constant, of equation (6), in which the load upon the baffle was 
considered as fixed. Indeed, all the previous equations have 
nothing to do with the outside forces acting upon the bafile, 
and P actually means the resultant pressure exerted by the 
stream upon the baffle, which pressure naturally varies with 
the position / of the baffle and the adjustment of the stream 
between baffle and upset. Therefore, the condition P= const. 
must be given a relative meaning, namely: Whatever pressure 
P the stream may exercise upon the baftle at the given moment 
and position, the tendency of the self-adjustment 2 of the stream 
will always be towards minimum loss },, or = O. In that 
sense P is being considered as constant while differentiating 
on z For the preliminary demonstration of the law, it was 
simpler, of course, to consider that condition, when the battle 
is stationary and its load P in equilibrium with the resultant 
pressure of the stream passing around the baffle. 

If the above general conclusion and its consequence are cor- 
rect, then the preliminary fundamental equations (1), (2), (3), 
and (4) must also apply to a closed stream with a moving bafile, 
and in such a way as to result in an equation similar to equa- 
tion (I). The following consideration may justify and direct 
such special application of the equations of equilibrium to the 
ease of a moving and unbalanced baffle within a closed stream. 

Let the baffle be moving in the direction of the stream with a 


velocity oF at the given moment and position, / denoting the 


~ 


distance of the baffle from the upset. Imagine within the mass 
of water, below the baffle, a central column of such cross sec- 
i line 1A, Fig. (51), that the volume of water pass- 
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ing through it per second in the plane 4A is equal to the dis- 
placement per second of the baffle at the given moment. The 


aren of such a column would be 4 — + A similar cen- 


tral column above the baffle would have an area on the line BP, 
x i(d* — d2) Sh 
v, st 
the stream in planes 44 and BRB. It is evident that equation 
(2) of equilibrium of the mass of water enclosed between the 
planes CC and DD outside of the line /¥, Fig. (51), cannot 
apply to the central column, as its mass of water does not pass 


, v and v, being the initial and final velocities of 


around the baffle, and its velocity at the most contracted section, 
DP, is different from the velocity v, of the stream that passes 
around the bafile. For that reason, in the case of a moving 
baffle, the fundamental equations (1), (2), (3), and (4 have to be 
~ applied, not to the whole mass of water carried by the stream, 
but to that part of it only which surrounds the central column 


1 
and passes around the baffle, independent of its velocity Si 
- the given moment. Considering, therefore, these central col- 
umns above and below the baffle merely as stems of the bafile, 


al signifying their outside diameters by (/ and d!, it becomes 
evident that the external appearance of all equations, when 
applied to the ease of a moving baffle, will remain exactly the 
same as in the case of a stationary bafile, except that the stem 
diameters (, and d, have now an abstract value, depending on 


the velocity 


Sh 
; of the baffle, namely, for d,° has to be taken 


ud for d, is to be taken i 


4, 


= 


Consequently, the complete analytical expression of the law of 
ydraulic obstruction in closed streams, applying to stationary 
nd moving obstructions alike, will be the following : 

1 
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which is obtained from equation (IIT), by substituting for @,° its 
expression given above. 

In the application of equation (IV), the computation of the 
total stream pressure P, due to the combined presence of baftle 
and upset only, ought to be made, guided by the following 
considerations: In applying the first part of the resulting fun- 
damental equation (5) to the case of a moving bafile, we would 
have—in accordance with the foregoing—to replace all the 
stem diameters d,’ and d,° by the diameters of the central water 
—d,? Sh —dZch 

Fy and d,? + 
and from P, — P., which represents the resultant of all outside 
forces applied to the stems of the baffle—such as weight of 
baffle and attachments, spring pressure, if any; pressures upon 
the ends of the stems and, in the present case, also the force 


column and d',°, viz., + 


Sth 
due to acceleration 4 of the baffle-_we would have to substract 


yet the resultant of the pressures upon the baffle at its contact 
surfaces with the central water column, which forms now a part 
of the stems, and the pressure it exercises being an outside force 
acting opposite to the forces just mentioned. Denoting these 
pressures on either side of the baffle by P,' and P,', we have 
from the conditions of equilibrium of the central columns below 
and above the baffle : , 
Pi = -—d2) p + (v 
1 2 2) P4 2 \ St) 
Sh 


, 

—d) (e+ Hy) (1+/). 

Hence, substituting for and their above expressions 
substracting one from the other, we obtain for that resultant : 
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a Shi 


+ (d? — d,?) (v — |. 


After introducing all these changes in the first part of equa- 
tion (5) and excluding p by means of equation (3), we would find 
that the first part of equation (5) retains all the terms it contains 
now, with the addition only of the following two: 


St 
Fy divided like all other terms by 


Therefore, the pressure of the central column which is to be 
substracted from the total outside load upon the baffle in con- 
sequence of its velocity, is: 


me? Shi — 


= 2 ; 


given baffle: From the sum of the outside forces enumerated 
above, substract the central column pressure P' as per equation © 
(10), and also the constant terms as given in first part of equa- 
tion (5) and the constant terms of equation (IIT); the obtained 
result, divided by the initial quantity of motion of that mass of 
the stream that passes around the baffle, viz.: ; 


dj? — dy Sh 


which constitutes our accepted unit of pressure, represents the 
resultant pressure of the stream due to combined presence of 


| 
a 
= 
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} From the foregoing the following method can be formulated ool 
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baffle and upset only, and nothing else, and denoted by P in 
equation (LV). 
With regard to the possible value of the velocity of the baffle 
Sh 
5 , the only limiting condition apparently is, that the deform: 
tion of the stream should preserve the same character as with 2 
stationary bafile. Analytically that would mean that P should 
be greater than Y and x greater than 2, in equation (TV). 
This will be the case as long as the velocity of the bafile is 


less than the final velocity of the stream ; that is, ‘> 
Sh. 


Sh 
and still more so when 5 becomes negative ; that is, the baffle 


moving against the stream. As soon as the baffle moves in the 
direction of the stream with a velocity greater than the final 
velocity of the stream ¢,, then part of the stream will be forced 
back with probable distortion of the stream deformation, and 
the application of equation (IV) would become uncertain. 

As in practice immersed bodies are usually in a state of motion 


or vibration when acted upon by a stream, as in cases of check 

valves and pump valves, the introduction of the momentary 

7 velocity Sf of the obstruction becomes an evident advantage, 
making the law applicable to all phenomena of obstructions 

within closed streams, without exception. 
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ENGINES TRANSMISSION OF 
POWER ON NAVAL VESSELS. 


BY GEO, W. DICKIE, SAN FRANCISCO, CAL. 


(Member of the Society.) 


THE subject of this paper may lead the writer into some dis- 
~ eussion with the builders of special types of auxiliary machinery 


in use on naval vessels, as did a paper read betore Section G of — 
the Engineering Congress held in connection with the World’s 
Columbian Exposition. This, however, is not the object of 
this paper. Our desire is to present the subject as a whole, as 
it appears to the engineer who has to deal with the machinery 
required for the many purposes where power other than manual 
must be provided, in its completed form on board ship, and as 
each part and the function it performs is related to the general 
result aimed at. 

Unfortunately, on government vessels, the work which has to 
be done by machinery is divided up and placed under the cog- 
nizance of various bureaus, each having a decided preference 


for some particular mode of transmitting power, which might 
really be the best for the particular work of that bureau, but 
may not be applicable at all to the class of work under the cog- 
nizance of another bureau, the result being that in one ship we 
are very likely to find three different methods of transmitting 
power in use, and no one in charge master of any one method. 

In mentioning three methods of transmitting power in use on 
our naval vessels we exclude steam, that being the original form 
in which the power at present is generated, and therefore can 
be distributed without any reconverting mechanism. 

Electric power is generated for lighting purposes, for control- 
ling search lights, operating small fans for special purposes, and 
for signal purposes. In quite a large number of vessels electric 
power is used to operate ammunition hoists, and in one or two 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the Transactions. 
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recent cases the lighter turrets have been operated by electric 
motors. In some vessels now building a further extension of 
electric transmission of power is being made to include the 
large turrets and all the gun-mount movements of the large 
guns. So that we now have the Ordnance Bureau fairly com- 
mitted to this method of transmission. 

In some of our ships the distribution of power is divided 
between electric and hydraulic transmission, the main battery 
being operated, including the turrets, by hydraulic power, 
while the ammunition for all secondary guns is served by elec- 
tric hoists; while in others, the battleship Oregon being a 
good example, the main turrets and their guns are not only 
entirely operated by hydraulic motors, but all ammunition 
hoists throughout the ship, battle-doors, ete., are worked from 
the same source of power. This vessel is also fitted with hy- 
draulic steering gear. 


Compressed air has been used to some extent as a means of 
transmitting power on some of our vessels, and is provided on 
all vessels carrying torpedoes for charging these intricate self- 
propelling projectiles. 

Colonel Soliani, Chief Engineer of the Italian Navy Depart- 


ment, has strongly advocated compressed air as a means of 
transmitting power for all purposes on warships, except for 
operating large turrets, for which he prefers hydraulic power. 

There are also those who advocate the use of steam direct on 
all auxiliaries, including the working of all turrets, ammunition 
hoists, and even the manipulation of the guns. The Burean of 
Steam Engineering naturally favors this direct application of 
steam as the most economical method, in power used, in weight, 
and in efficiency. 

In the present state of the art of transmitting power to all 
parts of a modern warship it is not possible to compare one 
method with another as a whole, and from actual experience, 
there being no one ship with a complete system of transmission 
from a central generating station of one type to compare with 
another ship having an equally complete system from a central 
generating station of another type. 

In the comparisons to be made and the conclusions arrived at 
in this paper, the writer must, therefore, depend upon his own 
observation of the working of mixed systems, and his general 
experience in regard to each system of transmission. 
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Since the presentation of the paper referred to at the Inter- 
national Congress of Engineers, experience on this subject has 
broadened somewhat, and the power of fashion has been felt in 
engineering, as well as in social questions. Young men are being 
trained into a fitness for understanding and caring for one form 
of power transmission in preference to others, which, though 
older, are not so much before the public. 

Engineering methods in the navy, like the engineers them- 
selves, appear to be retired on account of age, that the younger 
methods may have a chance. So that we find that naval officers 
beginning their experience are eager to become acquainted with 
the new and fashionable methods of power generation and trans- 
mission, while they do not care to make the acquaintance of the 
older methods. So the old is neglected and receives no benefit 
from the better education of the young officers, while the new 
and more attractive method gets all the benefit of being cared 
for and nursed into efficiency by the brightest young men in 
the service. Who to-day would prefer to be wet nurses to a 
hydraulic pump to producing potential energy from an electric 
generating set ? 

Still, there must be more than outward attractiveness in any 
method of power transmission to secure its adoption and reten- 
tion on board a warship where reliability and efficiency must 
ultimately decide as to what can remain and what must be 
replaced by something better. 

In our investigation of the various methods in use we will 
consider not only what they at present are, but what they 
might be if all that is known in regard to them were utilized in 
the installation, and we will assume that, /rs/, all operations on 
a warship requiring power can, with properly designed mech- 
anism, be performed by steam direct from the boilers. 

Second, all operations on a warship requiring power can, with 
properly designed mechanism, be performed by water under a 
high pressure imparted to it by steam-operated pumps. 

Third, all operations on a warship requiring power can, with 
properly designed machinery, be performed by air under pres- 
sure imparted to it by steam-operated air compressors. 

Fourth, all operations on a warship requiring power can, with 
properly designed machinery, be performed by electric motors, 
using a current generated in a central station by steam-driven 
venerators. 
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The idea that each of these four methods was suited to | 
functions and not to others is the reason why mixed systems 
prevail on all of our ships, and how far our assumption that this 


is not the case can be maintained will be the subject of our 


present inquiry. 

Keeping to the order which we have indicated, the application 
of steam direct to all purposes first claims our consideration. 

Tn all of our war vessels steam is used direct on a large number 
of the auxiliary machines throughout the vessel, and in all of 
them, except those fitted with hydraulic steering gear, the steam 
is carried from end to end of the ship, the steam windlass being 
at the one end and the steam steering gear at the other, requir- 
ing two lines of steam-heated pipe for the whole length of the 
vessel. Between these points, both on upper and lower decks, 
machines are operated by steam on all our ships. On the upper 
decks there are steam winches, steam windlass, steam boat cranes, 
and steam ash hoists; and on lower decks, outside the engine 
and boiler compartments, there are steam ventilating fans, 
steam air compressors for torpedo-charging, steam steering 
gear, and in some of the vessels steam turning gear for turrets 
and steam ammunition hoists. 

We see no mechanical difficulty in the way of steam being 
applied direct to all auxiliary machinery. Its elasticity, it is 
claimed, renders it difficult to train heavy turrets by this agent, 
and we are satisfied that, to have full control of accurate move- 
ments of such heavy masses by steam, some very reliable con- 
trolling device must be introduced, and for this purpose we 
have been introducing into recent designs a continuous and 
automatic hydraulic control which should make all movements 
of a steam-operated turret as accurate as those operated by 
hydraulic motors. 

Compressed air and electricity need to be controlled through 
an inelastic medium to the same extent as steam does, when 
applied to such work as moving large turrets. 

Granted that steam is capable of operating direct every class 
of auxiliary machine on a warship, and seeing that it ison hand 
at all times and always ready, how comes it that on all of our 
ships this steam is converted into some other form of energy 
and in this new form is applied to certain operations that it 
might just as well be applied to direct ? 


e who claim that steam should be converted into some 
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other form of energy and distributed to the various machines 
base their claim on three points of advantage—safety, economy, 
and comfort. The presence of steam pipes in all compartments 
of a war vessel must be considered in connection with the busi- 
ness in which the vessel is to be engaged, and that is to fight. 
In action these pipes would all have to be open at least from 
the forward turret to the steering engines in the stern, and are 
more or less subject to damage. It would be difficult to over- 
estimate the loss which might result from a broken steam pipe in 
any compartment under the main deck of a war vessel in action. 
Such an accident might not only involve the loss of all men in 
such a compartment, but the total disablement of the ship as a 
fighting machine. 

It is difficult to determine the relative economy of steam as 
applied direct throughout a ship and as applied through some 
other agent. The great source of loss is through condensation. 
Nearly all the machines which use steam in naval vessels, outside 
of those directly connected with the propelling of the vessel, do 
so intermittently, and masses of metal must be heated up every 
time a movement is made. There is no doubt that a large por- 
tion of the steam used goes to renew lost heat in this way, and 
is condensed without doing any useful work ; besides this source 
of waste, the steam engines used for auxiliary work are of neces- 
sity of the most wasteful character. As a rule they are revers- 
ing, the reversing gear usually consisting of a reversing valve 
operated through some form of floating lever. The waste of 
steam in this class of engines is enormous, and we hardly think 
that on an average a horse-power is obtained for each one hun- 
dred pounds of steam used. The combined waste from conden- 
‘sation and wasteful motors must result in a large expenditure 
of fuel in proportion to the work done, and in our opinion 
makes the direct application of steam to auxiliary machinery 
on warships the least economical of the methods in use. 

The objection to the direct use of steam on account of the 
discomfort caused by heat in places difficult to ventilate effi- 
‘iently is, perhaps, the most serious objection made to this 
nethod of power distribution. Steam and exhaust pipes run- 
ning to the various machines must be carried as a matter of 
safety below the protective deck line, and for the same reason 
all engines requiring to be operated in time of action are also 
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where there are no engines ; but with steam engines in or under 
handling rooms, and in recesses formed in ammunition passages, 
and with battle hatches closed, it is difficult to see how men can 
possibly carry on the work of tending such engines, serve am- 
munition hoists, and perform all the duties required of the 
under-deck force in time of battle. Physical endurance has 
always been a prime factor in action, and no method of dis- 
tributing power should be adopted in a warship which ren- 
ders it impossible for every man to do his duty in the time of 
trial. 

We may now consider our second assumption, that all opera- 
tions on a warship requiring power can, with properly designed 
machinery, be performed by water under a high pressure im- 
parted to it by steam-operated pumps. 

In our paper already referred to, read before the Division of 
Marine Engineering and Naval Architecture of the International 
Engineering Congress, the question of hydraulic transmission of 
power on warships was very fully discussed, and the general 
proposition of a central hydraulic station within the enclosure 
containing the main engines and boilers, where the water would 
be placed under pressure by pumps operated by the most 
economical type of steam engine under the immediate super- 
vision of the engineer officers of the vessel, and its manner of 
distribution, was fully set forth. 

During the four years which have elapsed since that paper 
was written, and in view of whatever experience has been 
gained on the subject during that time, we are still of the 
opinion then expressed, that most of the work required of 
auxiliary machines on warships can be better done by hydraulic 
than any other means of transmission ; and if so, how about the 
qualities we considered in connection with steam applied direct 
—safety, economy, and comfort ? 

In considering the question of safety we must not only take 
into account dangers resulting from accident to the means of 
transmission, but the danger which might result to the vessel as 
a whole if this means of transmission was not as reliable in its 
action as any other means of transmitting power. 

The danger we pointed out from the possibility of damage to 
a steam pipe where steam was used direct, does not exist in 
connection with hydraulic transmission; the result being 
simply cutting out of service the machine to which such a pipe 
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leads. As to reliability, our experience proves that after the 
first difficulties are overcome there is no form of power trans- 

mission which ean be depehded upon with more confidence than 
hydraulic. At first it needs a wet nurse ; particles of rust, scale, 

- ehips, ete., in the many connections of such a complicated 
system of distribution as would be required on a warship, 

coupled with defective material in parts, try the patience of 
the nurse; but once these microbes are out of the hydraulic 

system, a long and useful life is pretty sure to follow. 

Partial hydraulic systems are now on warships under the 
care of officers who have had no opportunity to become expert 
in hydraulic work, and who in many cases do not believe in its 
application, and yet the record of failure at any time to perform 
the functions required is a remarkably clean one ; so, as regards 
safety, either to the system itself, the vessel as a whole in which 
it is installed, or the life of those connected with its operation, 
the hydraulic system of transmission is certainly superior to 
any method of direct steam application. 

Granting that this system is eminently safe, is it an economical 
method of distribution ? 

It has generally been allowed even by those who are most 
strongly in favor of its adoption that, owing to the conditions 
which govern the operation of most auxiliaries on board war 

— ships, economy must be sacrificed when a hydraulic system is 
adopted. Hydraulic motors for any of the varied purposes 


requiring power on warships must be designed large enough to 
met the maximum requirements of the service, and if these 
motors are of the piston or plunger type, the regular form at 
_ Present in use, the maximum amount of power will always be 
used, although the minimum work only is required. 

If, instead of using a motor having cylinders with moving 
pistons or rams, utilizing the pressure to obtain power, and 
measuring out a given quantity of water for each movement, 
irrespective of the work to be done, the pressure water was 
applied to a properly designed wheel of the tangential type, an 
efficiency averaging about 70 per cent. could be obtained with 
a great variation in the load, and thus one source of waste with 
this system would be avoided. 

The direct ram would be still retained for certain purposes 
where the precision of movement is of the first importance, such 
as in steering gears and gun-training movements. 
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The American mania for direct-acting steam pumps to gener- 
ate power for such an installation is the most fatal obstacle to be 
encountered in any effort to reach reasonable economy in a 
hydraulic system of power transmission on board our warships. 
In some of the battleships now building it is proposed to install, 
for the generation of hydraulic power, say six duplex hydraulic 
pumps of 400 gallons capacity each per minute, at 600 pounds 
pressure per square inch; this requires twelve steam cylinders, 
22 inches diameter, and say 24 inches stroke, being with pump 
friction about 950 horse-power. This will require with the 
type of pump proposed not less than 5,000 pounds of steam per 
hour, and this certainly would give on the main engines 5,000 
horse-power. Half the total boiler power of the ship with 
forced draught would be absorbed by such a pump installation, 
if working at its full capacity. 

This is the main reason why hydraulie power is condemned, 
on account of the fuel required for the regular daily practice 
with the mechanism now operated by water on those ships so 
fitted. 

There is no reason why hydraulic power should not be gener- 
ated by as economical steam engines as any other form of 
energy, and with economy in its production, which can be 
reached by means now at our disposal, and applying the power 
thus generated through motors best adapted for an economical 


application of this power, keeping in view functional economy 
as well as quantitative economy. There is no reason which 


we can discover why a hydraulic system of power distribution 
for all purposes requiring power should not be more economi- 
‘al than steam applied direct, provided ordinary steam pumps 
are avoided in the generating department, and something else 
than water meters used as motors. 

As to comfor!: The presence of hydraulic pipes in any of 
the living spaces, store-rooms, or magazines in no way affects 
the temperature or ventilation of such spaces. Branch pipes in 
very few cases need exceed 1; inches in diameter. Any leakage 
is easily discovered and can do no damage. The working of all 
water motors can be accomplished without noise, and, there 
being little or no change in the temperature, all joints when 
once tight are likely to remain so, and this is the one great com- 
fort always attending a well-designed and carefully installed 

hydraulic system of transmission. 
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Our third assumption, that all operations on a warship requir- 
ing power can, with properly designed machinery, be performed 
by air under pressure imparted to it by steam-operated air com- 
pressors, May now be considered. 

This means of transmitting power in warships has been 
advocated at different times, and by men well qualified to give 
an opinion, and who have had opportunities to test partially its 
merits as against other methods. We have mentioned in this 
connection Colonel Soliani, Chief Engineer of the Italian Navy 
Department, who, in comparing the various methods now in use 
on board war vessels for transmitting power consisting of steam 
direct, hydraulic, compressed air, and electricity, sums up the 
advantages and disadvantages of these different methods by 
giving the preference to compressed air for all purposes except 
handling big guns and turrets, for which he would use hydraulic 
power. 

As our aim would be to have on any given ship but one method 
of power transmission, we would not make any exceptions in 
regard to the operation of large guns or turrets. 

Steam and electricity, when applied to handling large guns 
and turrets, have the same objectionable features as compressed 
air, combined with other objections peculiar to themselves. 
The objection to compressed air in this connection is its elas- 
ticity, preventing accurate movements being made with certainty. 
This can be overcome by the introduction of a continuous and 
automatic hydraulic control as mentioned in connection with 
the use of steam direct, and which we will more fully describe 
in connection with the application of electricity to the manipu- 

lation of big guns and turret mounts. 

Granting, then, our assumption of the possibility of a com- 
pressed-air system of power on warships being made serviceable 

for all auxiliary purposes, we may now consider the qualities of 
safety, economy, and comfort in their relation to this system. 

Perhaps no form of power transmission has all the elements 
f safety in the same degree as compressed air. A leak in the 
transmission pipes improves the ventilation and adds to the 
‘omfort of those working in that compartment. The pressure 
carried, of, say, six atmospheres, makes all kinds of connections 
simple and easily eared for. Double bottoms and difficult 
places of access can be purified and ventilated by a small jet 
from the distributing pipes. Water 
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damaged compartment which can be made air-tight down to the 
level of the opening that admits the water. The writer floated 


one ship, the -/essie Osborn, which was stranded on the rocks north 


of San Francisco Bay, when great sections of the bottom were 
entirely gone, by stiffening and caulking the hold deck, and by 
means of an air compressor foreing air under that deck, thereby 
forcing the water out through the open bottom, lifting the 
ship up to almost her light draught. 

Any compartment in a warship using a compressed-air system 
of power transmission can be promptly cleared of water by this 
means, the extent of the aperture by which the water enters 
being of no consequence. This being kept in view in designing 
and building the vessel, would render this method of transmitting 
power one of the greatest elements of safety and give an immense 
added value to the under-water compartments ; so that, should 
one or more compartments be damaged by either striking a rock 
or being struck by a torpedo, such compartment would simply 
be put out of use, but by keeping it charged with air to « pres- 
sure equal to the draught of water of the vessel, its buoyancy 
would not be impaired if the damage was in the bottom, as it 
most likely would be. 

We have mentioned this advantage in the use of compressed 
air because it is the only one of these three systems of power 
transmission which can be so used in connection with the gen- 
eral safety of the vessel. 

In the matter of economy, both in generating and in distribu- 
tion, the compressed air, if proper methods are adopted, should 
be at least equal to any of the other systems which have been 
tried. The compressors used should be of the most modern 
type—triple expansion of steam and triple compression of air, 
and with storage enough to meet sudden calls. 

No system is so well adapted to the installation of power being 
made to equal the average required instead of the maximum. 
Soliani mentions the success obtained by Professor Riedler in 
compressing air in two stages. This method of compressing has 
during the past few years become almost universal where any 
degree of economy is aimed at, and, while it has no direct bear- 
ing on the subject of generating power for transmission through 
a warship, yet, in justice to ourselves, we desire to state that in 
1876 we designed an-air compressor which was built for use at 


the Crown Point Mine, Virginia City, Nevada, in which the 


air 
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was compressed in two stages, and the steam expanded in two 

stages; that is, both the steam and air ends of the machine 

were compound. We published a plan and description of this 

air compressor in 1877 in a book on J/loisting and Pumping 
Machinery, from which we quote the following : 

“The compressor ( Fig. 55) consists of two fixed rams, one of 26 

- inches diameter, secured to the bed plate, and another of 12 

b ‘inches diameter, secured to the entablature ; between these rams 

‘ and upon them, is a sliding cylinder, water-jacketed all over. Be- 


SECTION 


Dickie LONGITUDINAL SECTION. THROUGH A.B. 


Fie. 53. 


tween the large and small end of the cyclinder is a valve opening 
upwards, and on the head of the large ram and the butt of the 
small ram are valves opening upward. 

“Suppose the sliding cylinder on the bottom centre and the 
steam cylinder piston at the top, steam being admitted on the 
piston ; the sliding cylinder will rise and take air through the 
valve in the head of the large ram until it reaches the top centre. 
The space above the large ram will then have air at the atmos- 
Steam then being admitted to the other side 
of the piston, the sliding cylinder descends, the valve in the 
head of the large ram closes, and the valve between the large 


pherie pressure. 
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and small cylinders opens, and the air during this stroke is com- 
pressed into the small cylinder. During the next up-stroke this 
compressed air is forced through the valve in the bottom of the 
small ram into the receiver at the same time the air is being 
taken again through the valve in the head of the large ram. 
“The work of compression is thus extended over two strokes, 
or v complete revolution of the engine, and more time is obtained 
for abstracting the heat generated in the operation. The valves, 
which are only three in number, all lift upward, and need no 


device to seat them. All of the valves remain open during the 


greater part of the stroke, and have not such a quick action as 
when the compression is done in one cylinder with the delivery 
valves open for a small fraction of a second at the end of the 
stroke. 

“We also consider the ram better than the piston, as any 
leakage is at once seen and readily stopped. 

“The steam cylinder for this compressor is also fitted with a 
variable cut-off. 

“Tn large machines of this class, we would make them double, 
using two compressor cylinders moving in opposite directions, 
and a compound condensing engine where water could be had 

“Compressed air is being used to such an extent in the mines 
that anything which will tend to cheapen the compressing will 
have its effect on the fuel bills.” 

This last sentence which we quote appears to have been an 
unfortunate statement, for, while the compressor referred to was 
being built for the Crown Point Mine, a change took place in 
those controlling the mine whereby the parties which sold wood 
for fuel to all the mines came into power, and being afraid that 
the statement made about saving fuel might be true, they con- 
cluded that it would be better for their interests to accept the 
250 horse-power new compressor, and put it in some safe place 
out of sight, where it could not interfere with the consumption 
of cord wood, and there it remains to this day. 

A small compressor for charging the air chambers of the 
hydraulic pumping plant at the combination shaft, Virginia 
City, was made at about the same time, which delivered air com- 
pressed to 2,000 pounds per square inch, working perfectly. 
Fig. 53 is a photograph taken from the illustrations in the book 
referred to, and to which the quotation refers. Since then this— 
method of compressing, with many variations in the mechanism 
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by which it is accomplished, has been accepted as the most 
economical method of compressing air for the transmission of 
power. 

With an air receiver of considerable size and two compressors, 
one small to supply power to operate steering gear, ventilation, 
and other functions constantly in use, the main compressor need 
only be operated when the crew are at quarters, and all the 
fighting machines of the ship are being moved, or in action. 

The lubrication of air motors at the low temperature reached 
in working them expansively is beginning to be better under- 
stood, and difficulties due to the formation of ice in exhaust 
passages where the air carries moisture can also be obviated. 

In 1876 we operated compound air motors with considerable 
expansion, and to avoid the difficulties mentioned, had recourse 
to devices that have been invented several times since. 

In explanation we quote, from the book already referred to, 
the following in reference to compound pumps operated by 
air: 

“ Afraid that the compressed air, holding, as it always does, 
some water in suspension, by being expanded into four times 
the volume might, by the loss of temperature, cause the forma- 
tion of ice in the passages leading to and from the low-pressure 
cylinder, we have taken advantage of the fact that water in most 
of our mines is warm, and encased the cylinder in the pump 

Reid or column, or, in other words, we have water-jacketed 


“the low-pressure cylinder and nozzles. Should this pump be 
used for steam, the discharge would then pass on without going 
into the jacket.” 


The above quotation shows that over twenty years ago we 


had been working on problems that have since been solved on 
lines almost parallel to those on which we were then working. 

With the most economical steam engine, operating the most 
economical compressor, and the compressed air converted into 
useful work through economical air motors, this system of power 
transmission on warships should meet every requirement on 
the score of economy. 

As to comfort, we have already pointed out some of its advan- 
tages. No return pipes are required, as in all other systems, 
electricity not excepted. The liberated air from motors will 
ventilate and cool the spaces in which they operate, and these 
spaces are usually the most difficult to ventilate. 
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In the hydraulic system all losses by leakage must be made 
up by fresh water manufactured on board, whereas by this sys- 
tem the more loss the better it feels where the loss has occurred, 
and the feeling of absolute safety in case of any break in the 
transmission pipes must add to the efficiency of the men whose 
duty requires them to work beside the motors and the pipes 
which supply the power to them. 

All the machinery required in such a system of transmission 
is of a character now well understood by the engineer officers 
on our warships, and the difficulties attendant on operating 
mechanism not understood by the operator are avoided. 

Our fourth assumption, that all operations on a warship 
requiring power can, with properly designed machinery, be per- 
formed by electric motors, using a current generated in a cen- 
tral station by steam-driven generators, now remains to be 
considered. 

The advocates of this system have a foundation for their 
method of power transmission which those who favor any of the 
other methods do not possess, in the fact that all modern war- 
ships have a certain amount of power converted into electric 


energy and distributed throughout the ship for lighting purposes. 


While there is no difficulty in generating electricity by the 
use of water or air motors, there is the waste of converting the 
steam into one form of energy and converting that again into 
another form of energy. To justify such a course it would be— 
necessary to prove that water or air as a transmitting agent 
possessed, for all purposes but lighting, a great advantage over 
any known method of electric transmission. 

This, in the present condition of the art of transmitting power 
by generated electricity, cannot be maintained. We must there- 
fore concede that the electric method has the advantage of un- 
disputed possession of the field for at least one part of the work 
to be done. 

Another advantage which electricity possesses, here as every- 
where else in the field of applied mechanics, is that young 
engineers are educated into the knowledge of how best to gen- 
erate and apply this agent in a manner which has never been 
thought necessary in regard to other forms of stored-up energy, 
and, it being the fashionable agent for power distribution 
throughout the engineering world, its development is one of 
the modern wonders of engineering. | 
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An electric installation for all power purposes on board war- 
ships will, on account of the education of the engineers or other 
officers in charge, receive more intelligent care and more skil- 
ful application than any of the other methods which we have 
considered. 

While this advantage is not inherent in the system itself, it is 
of the utmost practical importance in its successful application. 

The transmitting wires of the electric system possess a flexi- 
bility which cannot be claimed for the pipes of the other systems. 
This is an important advantage in the crowded compartments of 
a warship. 

As to safety, economy, and comfort, we may now consider 
these in comparison with other systems. 

In regard to safety: We might safely take it for granted that 
whatever disturbance would fracture the pipes of an air or water 
system would part the wires of an electric system. In that case 
the danger to life and also to the ship would be far greater with 
the electric system than with the others, steam excepted. Auto- 
matic safeties could be applied to almost any conceivable extent 
against such accidents, yet, where safety devices are needed, 
the system cannot be so safe as where no safety devices are 
needed. 


There is also a growing fear amongst marine engineers that 
certain materials are rapidly destroyed by electric action, caused 
by the hull of the vessel becoming magnetized in some way, the 
nature of which is not yet fully understood. It is claimed that 
vessels fitted with electrie generators develop rapid deteriora- 
- tion in all sea-water pipe connections. Whether suflicient reli- 
~ able data have been collected, either to establish or refute this 
claim, is, we think, doubtful. It is a question which, we think, 
ought to be most fully investigated. At present it is simply a 
matter of conjecture, and to marine engineers a matter of con- 
siderable uneasiness. 
As to economy: The electric generating plant has been devel- 
oped both electrically and commercially into a high degree of 
efliciency. Direct-operated generators are now driven by engines 
of the very highest developed type. These engines are so per- 
_ feetly controlled by automatic valve governors that full load or 
no load may be the condition without apparent change in the 
working of the steam motor. 

The generators may be so divided into units as to meet the 
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conditions of work at any time without much of the steam-engine 
power running without load. Lighting and power can be taken 
from the same installation, thus effecting a saving in the labor 
of attendance. There is no doubt that the economy of generat- 
ing the power electrically will be better than with either water 
or air, owing to the high speed of the engines and the small 
amount of loss in the generating mechanism. 

In regard to the distribution, the losses, by careful installa- 
tion, can be reduced until they shall at least not exceed the 
losses of friction in either air or water pipes of the other meth- 
ods. Careful designing may also reduce the losses in converting 
the electric energy into mechanical movements, so that the 
economy of this part of the system may be better than in either 
air or water motors. 

All this class of work has been so perfected that every func- 
tion requiring power on a warship can be performed by electric 
motors without involving the use of anything except well-known 
and tried mechanism. 

It is not our purpose in this paper to give the details of 
operating motors for windlass, winches, capstan, boat cranes, 
steering gears, ventilating fans, ammunition hoists, gun-mount 
manipulating gears, ete., as none of these operations involve the 
use of any electric device which is not now well known. 

In operating large turrets where the mass to be moved and 
controlled is very great, and on a continually shifting plane, we 
believe that some controlling mechanism of a special character 
will be required to insure successful and accurate movements 
of such masses on a moving platform. 

For this purpose we have introduced a hydraulic control de- 
vice, consisting of two hydraulic cylinders (Fig. 54), double-acting, 
their pistons operated by a double-throw crank-shaft, which 
forms one of the transmitting shafts between the electric motor 
and the fixed rack under the turret. These cylinders are charged 
with water or oil. Motion of the turret revolves the crank-shaft 
and moves the pistons in the cylinders. The fluid must pass 
from one side to the other to permit of such motion. This it 
does through passages connecting the ends of the cylinders. 
There are two such passages, one being controlled by a valve 
operated from the sighting station, and is opened as the current 
is turned on to the motor. The other is controlled by a spring- 
loaded valve and gives a fixed maximum control. This is neces- 
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sary, as, if the hand control were closed too quickly, the momen- 
tum of the moving mass would break the mechanism. 

We also propose to avoid great waste of current in starting 
this heavy mass, by using a small high-speed motor to effect 
the first movement, or for small movements of the turret. If it 
is necessary to throw the current into the main motor, a certain 


ice 


Dickie 


~peed is reached before that is done; consequently the shock 
»nd-waste of current are avoided, as the main motor would only 
‘e used when a high speed of train was required, and then only 


‘fter the inertia of the mass has been overcome. In making 
these movements, the small motor is allowed to reach its load 
\ hen the current is switched into the main motor. The current 
the small motor also excites a solenoid, which by proper 
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mechanism couples the shaft of the small motor with the pinion 
that, through a gear of, say, 10 to 1, works the shaft of the main 
motor; but when the current is turned into the main motor, 
the solenoid is cut out and the clutch withdrawn, thus leaving 
the small motor at rest. 

Fig. 55 is a sketch of a small portion of a turret, showing the 
motors, gearing, and hydraulic control. The actual economy 
which would result from such a method of operation could only 
be determined by actual experience. But we feel confident that 
it would prove to be in advance of the economy possible with 
either air or water. 

One other reason for expecting a good economical result from 
a complete electrical power transmission lies in the fact, already 
mentioned, that this system would receive more skilful attention 
on the part of the officers in charge than any of the other meth- 
ods mentioned. The whole installation would be more attrac- 
tive to the educated engineer. It is the fashionable power of 
the day, and young men are more eager to give their attention 
to this than to any other form of generated energy; and if any 
system is the thing desired by those who are to have the operat- 
ing of it, that system will give better results, will be more care- 
fully nursed, and will be studied in all its details, with the 
object of improving every result obtained. This is natural, and 
must be considered in connection with any proposed advance in 
engineering methods. 

Some time ago we were fitting the Howden system of forced 
combustion to a vessel, the engineer of which did not believe 
in its merits ; but he was honest, and assured us that he would 
do nothing to prevent it being a success. It was necessary to 
find another engineer who would do everything he could to help 
make it a success before success came. So the fact of electric 
transmission being desired by so many engineers is one point 
in its favor which will secure the care that means economy, apart 
altogether from the inherent qualities of the system itself as 
compared with others. 

In regard to comfort it cannot be claimed that an electric 
system of power transmission on a warship, like a compressed- 
air system, can be made the means of increasing the comfort of 
living on board. On this point it should rank with a hydraulic 
system. The facility with which electric energy can be con- 
verted into rapid rotary motion makes ventilation, wherever that 
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power is distributed, a very simple matter, and electric fans, 
both fixed and portable, especially where little or no heat is 


= 


7 generated, would supply pure air to all parts needing artificial 
ventilation. 

i ve This paper does not aim to show the superiority of any one 

sy stem over another, the comparisons made being simply to 

show that there is no mechanical difficulty in operating all aux- 

¥ iliaries by any one of the systems herein mentioned, and to 


express a hope that our government would either adopt some 


one system and carry it out completely, developing that system 
to its utmost efficiency, or else take one or two similar ships 
and fit them with power-transmission systems completely repre- 
* senting different agents—say, one electric, one hydraulic, and 
one compressed air. Let each be placed for three years in the 
hands of officers heartily in favor of the system in use on their 
own ship, and thereby obtain a practical demonstration of the 
very best points in each system. 

While we have hitherto advocated with all the ability we 
possess a complete hydraulic system, our experience in the 


practical working of hydraulics on shipboard has not been of 
the most pleasant character. Officers are required to care for 
and get the best out of a hydraulic system, while personally 
they would rather sit up all night with an electric plant than 
spend a moment more than the law requires with a water 


motor. 

The future hopes of the young officer are centred in elec- 
tricity, and he devotes himself to it with a will; and so long as 
that condition prevails, the electric method of transmission will 
have the best chance to sueceed, because with that it has a flexi- 
bility and a general adaptability which the other systems do not 


in themselves possess. 

If what we have written here will draw into the discussion of 
the subject the best experience in each of the systems of power 
transmission on warships, it will accomplish all that its author 
expects for the present. 


DISCUSSION. 
Mr. Horace B. Gale.—Mr. Dickie’s paper, in its brief and clear 
statement of the advantages and special adaptabilities of the 
different available means of power transmission on naval ves- _ 
sels, presents an admirable model of fairness in its treatment, 
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and cannot fail to be interesting and suggestive to mechanical 
engineers in every branch of the profession. Our attention is very 
properly drawn to the fact, that the efficiency to be considered 
in a system of power transmission for a warship is the fighting 
efficiency, and in the selection of a system the greatest weight 
should be given to considerations of its reliability and safety 
in action. 

No engineer who has ever threaded his way through the maze 
of machinery constituting the interior “works” of a modern 
war vessel will disagree with the author’s desire to see a single 
comprehensive system of power transmission substituted for 
the complex variety of systems generally comprised in present 
equipments ; and that this desideratum can be attained in a 
practical manner is made clear in the paper, though there are 
some places where I wish the author’s statements were less 
brief. For example, he says: “ In regard to safety: We might 
safely take it for granted that whatever disturbance would frac- 
ture the pipes of an air or water system would part the wires of 
an electric system. In that case the danger to life and also to 
the ship would be far greater with the electric system than with 
the others, steam excepted.” 

It is not apparent to me why this is so. 

In a pipe system the breakage of a pipe would result in an 
immediate escape of a portion of the contined fluid, which might . 
so reduce the pressure in the system as to disable temporarily a 
the apparatus near the break. A break in an electric wire, : 
however, would not usually have any similar effect, nor cause 
any reduction of pressure on the system. As broken wire, also, 
can be more easily and quickly repaired than can a broken 
pipe. 

The danger of .ire from electric-power wires would be no 
greater than that from lighting wires, which necessarily run to 
every part of the ship; indeed, it would be rather less, as the 


power wires can be more thoroughly kept out of contact with 
combustible material. 


Moreover, the flexibility and cheapness of wire connections 
cnake it easy to install a system of multiple circuits, suitably 
protected by fuses, such that the breakage of any wire or pair 
of wires will not only not reduce the pressure in the neighbor- 


ood of the break, but cannot, even for an instant, interrupt the 
service in any part of the vessel, 
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Considering, therefore, the transmitting apparatus alone, it 
appears to me, as I believe it will appear to other electrical 
engineers, that a wire system can be designed so as to be much 
safer and more reliable under fighting conditions than the best 
pipe system can be, whether the fluid conveyed be steam, water, 
or alr. 

Mr. HW. H. Suplee-—While Mr. Dickie does not especially 
advocate any form, he makes some remarks on page 246 about 
the entire safety of compressed air which I think may need 
little modification. That is, that there have been recently a 
number of serious explosions of air compressors in various 


places. They are not explosions of compressed air, but practi- 
cally explosions of gas. In other words, the higher pressures 
which are being used with compressed air cause higher tempera- 
tures, and those temperatures volatilize and carbonize lubricat- 
ing oil, and a mixture is made not dissimilar to that in the ex- 
plosion chamber of a petroleum engine. Some of the modern 
petroleum engines have been made so that they require no igni- 
tion except that of the heat generated by the compression. 
An explosion took place a year ago in Germany, at Dortmund, 
where a part of the compressor was blown entirely over a tall 
building, and two men were killed and serious damage done. 
The valve chambers were not water-jacketed as the rest of the 
cylinders had been. An examination of similar machines showed 
that they produced a high enough temperature to explode a 
mixture of air and gas. Such explosions might be very serious 
on shipboard. So it is not entirely fair to claim that the air- 
compression systeft is absolutely safe. 
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TEST OF CENTRIFUGAL PUMPS AND CALIBRATION 
OF WEIR AT THE BRIDGEPORT PUMPING STA- 
TION, CHICAGO, ILL. 

Mer, 


(Member of the Society.) af Ai<w ay 


THE test described in the following paper was conducted by 
Messrs. R. W. Hunt & Co. for the city of Chicago at the request 
of Samuel G. Artingstall, City Engineer, in July, 183, to deter 
mine the efficiency and capacity of the various pumps at the 
_ Sewerage Pumping Station at Bridgeport, Chicago. The writer, 
in conjunction with Mr. John C. MeMynn, of Robert W. Hunt 
& Co., acted as engineer of tests, and together with Mr. John 
Ericson, Assistant City Engineer, Mr. D. W. Church, and a 
corps of engineers, represented the city of Chicago. The con- 
tractor for the “ Undulating” pumps was represented by Mr. 
sernard Fiend and Mr. Davis. 
Description of Plant.—The plant was constructed for the pur- 
pose of delivering a sufficient amount of water from Chicago 
River into the Illinois and Michigan Canal to induce a current 
to flow from Lake Michigan toward the pumping station and 
into the Illinois and Michigan Canal, so as to prevent the dis- 
charge of sewerage into Lake Michigan. The Illinois and 
Michigan Canal connects Lake Michigan with a tributary of the 
Mississippi and descends to the level of Chicago River by a lock 
which has a lift of about eight feet in times of low water and 
three to five feet in times of high water. The pumps at the 
pumping station are required to raise the water from Chicago 
River sufficiently high to be discharged into the canal. The 
accompanying map (Fig. 56) shows the point of junction of the 
[linois and Michigan Canal and Chicago River. It also shows 
the position of the Bridgeport pumping station, which is 


* Presented at the New York meeting (November, 1897) of the American Society 
f Mechanical Engineers, and forming part of Volume XIX, of the Transactions. 
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located on a new canal, or feeder, of which two sections are 
shown at A.B. and (./). respectively ; this latter discharges 
into the Illinois and Michigan Canal about 400 feet from the 
lock. The Chicago River is virtually an open and navigable 
sewer and the material pumped at the Bridgeport station is 
sewage diluted by the inflow of water from Lake Michigan. 
This matter contains considerable floating débris of an organic 
nature, is very darkly colored, and of an unsavory odor. Gas of 
a sulphurous nature is emitted, sufficient in amount to blacken 
silver watches, when carried in the pocket of the observers work- 
ing at the station-house, in a few hours. Sounding rods painted 
with white lead were turned instantly and permanently black 
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by a single immersion in the stream. The engineers working at 
the station did not, however, consider the location unhealthy, 
and the canal, back of the station, was a favorite bathing resort 
for all the boys in the vicinity. In the south fork of the 
Chicago River, which is unaffected to a great extent by the 
current caused by the pumps, dead horses and other animals 
were frequently seen floating on the surface of the river. 

The machinery of the pumping station was built by the 
Quintard Iron Works of New York City, and was installed in 
1884. It consisted of four cross-compound engines of the ver- 
tical type, with Meyer cut-off valves, each of which was directly 
connected by means of a long connecting rod to two centrifugal 
pumps. The dimensions of each engine were as follows : 
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Diameter of high-pressure cylinder, 18 inches. 
Length of stroke, 
Diameter of piston rod, high-pressure cylinder, 24 inches. 
* tail rod, 2A 


t 


‘* piston rod, low-pressure cylinder, 2}; 
** tail rod, 


The engines were designed to run at 100 revolutions per 
minute and to develop 400 indicated horse-power with 90 
pounds steam pressure. The total capacity of the station was 
intended by the designers to be 64,000 cubic feet of water 
delivered per minute against a head of six feet. 
The wheel of each centrifugal pump was five feet seven inches 
in diameter and had four vanes or blades, each being three feet — 
four inches in length measured parallel to the axis. The suction | 
inlet to the pump was a round tube four feet in diameter, con- . 
nected to a square tube four by four feet on the inside, con- on 
taining a gate. 
The capacity of the centrifugal pumps not being sufficient to 
keep the Chicago River in the required condition of salubrity, 
an attempt was made to increase the capacity of the pumping — 


station, and with this object in view a contract was let for 
removing the centrifugal pumps and substituting “ Undulating” 
or Courtright pumps, the construction of which will be described | 
later, and regarding which the contractor guaranteed that, with — 


of the same engines, the volume of water delivered by each 
engine would be 25,000 cubic feet per minute against a head of 
six feet, which would be an increase in capacity of about 9,000 
cubic feet, or 56 per cent. for each engine. Two centrifugal — 
pumps, both of which were attached to engine No. 1, were 
removed during the winter of 1892 and 1893 and two “ Undu- 
lating” pumps were substituted. The remaining centrifugal 
pumps were kept in position until the “Undulating” pumps 
had proved by experiment and use to be as represented. 

The “Undulating” pump is shown in elevation in Fig. 57, 
with working parts shown by dotted lines, and is seen to consist 
of three rectangular pistons which are so constructed as to have 
partly a rectilinear and partly an oscillatory motion. This | 
peculiar motion was produced by connecting each rectangular _— 
piston to a revolving crank by a perpendicular arm and also . 
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joining it with a pivoted connection to a sliding cross-head, 
arranged to move perpendicularly across the case. 

The cranks to which the pistons are connected are joined by 
connecting rods and set at angles of 120 degrees to each other, 
which causes the reciprocating and tilting movements of the 
pistons to take place alternately, producing a wavelike motion, 
the effect of which is to propel forward, with considerable 
force, any water which may enter the pump. The pump is dou- 
ble-acting and delivers water both on the down and up strokes 
of the pistons, and, except for the leakage which takes place 
between the pistons and the sides of the case and under the 
ends of the piston, is positive in its action. It had no valves 
in the in-take or in the discharge pipe. Power for driving the 
pump was obtained by a geared connection to the main shaft of 
engine No. 1, the gearing being so proportioned that 100 
revolutions of the engine would drive the pump shafts at a 
speed of 80 revolutions. The case of the pump was set at an 
inclination of about 18 degrees to the horizontal and sufficiently — 
low to be entirely submerged at its lower end. The dimensions 
of each “ Undulating pump were as follows: 

Rectangular section of cast iron case, 4 feet 32 inches x 2 
feet 84 inches high. 

Length of case, 24 feet. Built of (3) sections. 

Piston, dimensions in horizontal section, s feet 2 inch x 4 feet 
3 inches. 

Distance from crank centre to guide centre on piston, 2 feet 
6 inches. 

Throw of crank, 8 inches. 

Length of stroke, 16 inches. 

Clearance outside of pistons, and at end of stroke, ,*; inch. 

Area of leakage space— 4s 


Sides of pistons, 48 feet x ; inch .25 square at, 
Top and bottom of case, 13 feet 10% inches x ;; inch . ge * 
End of paddles, 8 feet 6 inches x § inch (average) 


Capacity of single pump calculated from piston displacement | 
when in horizontal position and without allowance for leakage _ 
or slip— 
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Per stroke.... ; 95.28 cubic feet. 
Per revolution 190.56 

Per 80 revolutions (one minute), rated capacity..... 15,245.6 

Per 41.4 actual speed 7,889.2 


Calculated leakage through clearance space under a head of 4 
feet, 80 strokes per minute, pump at rest— 


*Q@ = 0.81 4/2gh = 0.81 x 8.03 x 2. 
Leakage per second through 1 square foot 13.009 cubic feet. 
Leakage per minute through 1 square foot 780.54“ = 
Leakage per minute through 3.72 cubic feet........ 2,903.6 
Capacity of 1 pump, 80 revolutions, less calculated 


Capacity of 2 pumps, 80 revolutions, less calculated 
leakage 


Allowance for leakage and slip in capacity estimate from 
displacement above rated capacity 21.9 per cent. 
Calculated leakage, compared with estimated capacity ....23.9 s 
Capacity calculated by displacement, 2 ‘‘Undulating” 
pumps, at 41.4 revolutions per minute........... 15,778.4 cubic feet. 
Ditto, corrected by leakage as above 12,874.38 ‘ 
Actual water delivered per minute by trial,41.4 revs.10,470 - - 
+ Additional loss due to slip. 
Loss due to slip and leakage 


Inlet tube— 


Top of tube below surface of water on inlet side, 3 feet 114 
inches... 


Water above datum 

Tube below datum 

Area of tube, 4 x 4 feet 16 square feet. 
Depth of water to centre of entrance tube 6 feet 1 inch. 


Calculated supply of water to each inlet tube on supposition 
that pump cannot raise water by suction— 


* Q = .81 (area) 4/2gh = .81 x 16 x 8.08 Yh = 253.7 yh cubic feet per sec. 
When depth 2 = 6 feet, Q = 16,610 cubic feet per minute. 
“ £25 “ @= : 
When = Q= 12,450 
When = 11,780 


* This coefficient is taken from experiments of Weisbach. See Mechanics of — 
Engineering, vol. i., page 854, for flow of water through short cylindrical tubes” 
with complete contraction. 

+ This is the percentage which the actual capacity, by trial, fell short of the — 
calculated capacity less the calculated leakage. 
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In order to test the capacity of the pumps ‘ah es to afford 
a working pressure in accordance with contract specifications, 
it was deemed necessary to build a weir. This weir was con- 
structed at a distance of 634 feet below the engine-house by 
three rows of large piles across the channel at right 
angles to the stream, fastening waling pieces to the middle row 
and driving Wakefield sheet piling of two-inch planks, so as to 


form a tight dam comple tely across the channel. A rectangular 


“noteh was then cut in the sheet piling; the bottom was made 
truly horizontal and about 3} feet below the top of the sheet 
piling. The down-stream side of the bottom and vertical edges 
of the notch were then bevelled to a thickness of about one-half 
inch and shod with an iron plate projecting beyond the wood, so 


as to give a free overfall. The plate was placed truly hori- 


_zontally at the crest of the weir and vertically at the side. The 
elevation of the weir crest was then 5.266 feet above the Chicago 
city datum; the length of the weir on the crest, 29.87 feet 
de pth of water back of weir crest, 8.66 feet; width of canal at 
le vel of crest, 59 feet. The piles in the row above the weir 
were cut down to 4} feet below the level of the crest, except 


- near the shore, and those on the lower side were cut down a 


-safficient amount to permit free discharge of the overfall. The 
mid lle row of piles was then braced to the upper row near the 
shore, and to the lower row the entire distance across. An 
apron, built of plank, was placed on the lower side, about four 


q . 
feet below the crest of the weir, to receive the overfall and 
_ prevent scouring by the force of the current. 


A hook gauge with its zero set level with the crest of the weir 
was placed on the right bank, in a box three feet by three feet, 
made of two-inch plank, sunk in the earth near the shore. A 
two-inch iron pipe extended out into the stream from near the 
bottom of the box, and admitted the water freely and maintained 
the same level in the box as existed in the canal, as was proved 
by repeated trials. The hook gauge was located about forty 
‘eet distant from the weir. During the test the hook gauge 
was read every five minutes by duplicate observers. 

Since the writer was not able to find records of any calibration 
f a weir notch of the size of the one constructed for this test, 
ind, furthermore, since the conditions of its use were somewhat 
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different from those of which récords were to be had, it was 
deemed advisable and necessary to obtain the coefficients of dis- 
charge by a special calibration. This weir was constructed 
across a running stream, and the length of its notch was nearly 
equal to the width of the original, undammed stream (see Fig. 
58). The bottom contraction of the weir in question was perfect, 
the end contraction decidedly imperfect. From its peculiar posi- 
tion and dimensions, it was suspected that it might be affected 
to some considerable extent by the bottom and sides of the 
stream acting as guides for the water and in such a manner 
as to increase the coefficient of discharge as compargd with 


that of a weir situated on the side of a basin, or reservoir 
of great area. As weirs of this character, although seldom 
calibrated, have frequently to be constructed in order to measure 
the discharge from large pumping engines and also the amount 


29.87-Ft- 


Wall Area below Level 
Ft. 


of Notch 298 Sq. 


of water flowing in small streams, the calibration is, no doubt, 
a matter of somewhat general interest. 

The weir used in the test was located at a distance of 634 feet 
from the engine-house, and the basin between the weir and 
engine-house was of considerable extent. The writer decided 
that, by making an accurate survey of this basin and determin- 
ing the cubic coutents for each tenth of a foot above the crest of 
the weir, it would be possible, by noting the time required for 
the water to fall a given distance, to coinpute the coefficient of 
discharge. Such a survey was made by a party of engineers in 
the charge of Mr. D. W. Church, C.E., and the results were 
later checked by an entirely independent survey, so that all 
probable errors from this source were eliminated. The compu- 
tations of volumes resulting from this survey are given in column 
2, Table 2. At a convenient time, the basin above the weir 
was filled, by operating all the pumps, to a height somewhat 
greater than 2.0 feet above the crest. The pumps were then all 
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stopped, the inlet gates were closed, and observations of the 
hook-gauge readings were taken at intervals of thirty seconds 
during the entire time the surface of the water was falling to the 

level of the crest of the weir; it was also continued some time 

after the water reached the level of the crest in order to deter- 

mine the leakage loss. This test was repeated to insure accu- 

racy, the observation log being given in the table, page 266, and 

the average results in table No. 3; they are also shown on the 

diagram, Fig. 59. The observations indicated a very small loss 

by leakage, as it required one hour and three minutes for the 

water to fall 0.073 foot below the level of the crest. On the 

supposition that the leakage is in proportion to the square root 

of the depth of the water, we have the following as the amount 

of leakage for various heads : 


Depth on crest. at Leakage per minute, cubic feet. 
0 5 


0.5 “4 

1.0 

1.5 

2.0 

Mr. John Ericson,* Asst. City Engineer of Chicago, considered, 

from a study of the observations, that the leakage varied from 
50 to 53 eubic feet per minute as the head varied from zero to 
two feet above the crest. As there were more than 10,000 feet of 
water flowing over the weir per minute during the entire test, his 
estimate and the one above differ by an exceedingly small frac- 
tion. The principal calculations were made with the allowance 
for leakage adopted by Mr. Ericson, and it has not been con- 
sidered necessary to revise this computation, since the greatest 
error from this source cannot exceed one three-hundredth part 
of one per cent., which is many times less than the least error 
of observation. 


METHODS OF COMPUTING COEFFICIENT OF DISCHARGE, = o> 


The observations taken as explained gave the volume of 
water discharged for certain ranges of head at intervals of 
half-minutes of time. Graphical diagrams were constructed 
from which the approximate coefficients of discharge were ob- 
tained; the coefficients were also computed by reducing the 
ordinary formule for discharge to a series of terms and making 
an approximate integration by Simpson's rule after successively 


_* City Engineer, 1897 and 1898, 
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substituting the various values. This latter work was per- 
formed by Mr. D. W. Church and engineers in charge of Mr. 
John Ericson, who extended the series from which the compu- 
tation was made so far that the numerical results of computa- 
tion were in error less than 0.02 per cent.; i.c., were carried two 
places beyond the probable limit of error of observation. All 
computations were carefully checked to prevent error. The re- 
sults only are given in the following tables. The method of 
computing was as follows: Francis’ formula for discharge over 
a weir was used without correction for velocity of approach for 
heads less than one foot and with correction for velocity of 
approach for heads greater than one foot. As will be perceived 
later, this latter correction was in all cases exceedingly small. 
The formula used was as follows for cases where no velocity of 
approach is considered : 
b— 0.2/7) 
and for cases where velocity of approach is considered, 


Q=c(b—0.2H) + hi — 


and in which Q equals discharge in cubic feet per second, ) 
equals length of weir, equals 29.875 feet, // equals hook-gauge 
reading, h equals head due to velocity at a point where // was 
measured, ¢ equals coefficient whose value is sought. 

In the above formula, let V equal total discharge in time ¢, 
then will 


from which 


for cases with no rine of tee 
dV = Qdt = (b — 0.277) + — dt 
for cases with velocity of discharge. 

In order to abbreviate the computation, substitute y for the 
quantity (b — 0.2H) H} or for (b—0.2H)((H 
Then will we have 
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The latter expression is not an exact integral, and cannot be 
integrated by ordinary methods. Its value between any given 
limits is an area of which the abscissa are the different values of 


dV and the ordinates are the corresponding values of 


By assigning certain values to dV, for instance ,', V, which 
corresponds to certain limiting values of //, a corresponding 
value of y can be computed from the observations. From these 
results a series may be formed by Simpson’s rule, which may 
be extended to any number of terms, of which the integration 
may be approximated with an accuracy which depends upon 
the number of terms, the resulting series being as follows; 


j 
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The results of the various calculations, extended to three 


decimal places, are given in the tables No. 3 and No. 4. 
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LOG OF OBSERVATIONS OF FaLL OF WATER ABOVE WertR.—PUuMPSs 
NoT RUNNING. 


Test FoR LEAKAGE. 


| Elevation 
‘Time P.M. * Hook Gauge. Time P.M. *Hook Gauge. Time P.M. Surface below 


Gauge. 


0.012 
0.008 
0.009 
Weir stopped flowing 

7 0.012 
0.024 
0.044 
0.060 
0.068 
0.070 
0.077 
0.085 

Fell 0.073 

| ft. in Ihr. 
3 mins, 


Nore.—By first observations, time of fall from 1.884 to 0.3 ft., fifteen minutes. By second ob- 
servations, time of fail from 1.913 to 0.303 ft., fifteen minutes. Intermediate observations in sec 
ond set taken with great care. 7 2. 

* 0 of hook gauge at level of crest of weir. 


The coefficients as calculated separately for heads varying by 
0.1 of a foot from a depth of 2 feet to a depth of 0.25 foot vary 
within the limits 3.43 and 3.7, which variation can no doubt be 
explained by irregularities in reading the hook gauge at the inter- 
vals of time which elapsed while the water was falling and also 
in slight errors in determining the time intervals. Regarding 


266 
= 
| 
q a 2.40 1.884 3.12.5 | 13 
2.40.5 3.13 757 
~ 2.41 1.574 3.13.5 630 
2.41.5 3.14 192 
| 1.315 3.14.5 7 
2.42.5 1.194 3.15 264 
2.43. 1.120 3.15.5 166 
2.43.5 1.016 3.16 8 
2.44 3.16.5 .002 
—_ 2.44.5 0.902 3.17 0.986 
2.45 3.17.5 0.864 
2.45.5 0.804 | 3.18 0.816 
846 | 3.18.5 0.770 
2.46.5 | 3.19 0.714 
2.47 0.662 3.19.5 0 675 
2.47.5 0.625 3.20 0.644 
| 2.48 0.585 3.20.5 0.600" 
2.48.5 0.560 3.21 0.567 
249.5 0.500 3.22 0.512 
2.50 0.478 8.22.5 0.487 
850.5 | 3.23 
0.430 3.23.5 0.442 
2.51.5 0.410 3.24 0.415 
2.52 0.395 3.24.5 0.403 
2.52.5 0.377 8.25 0.383 || 
~ 2.53 0.355 3.25.5 0.360 
= 2.53.5 0.344 3.26 0.346 
2.54 0.330 8.26.5 0.335 
0.311 3.27 0.817 
2.55 0.300 3.27.5 0.303 4 
2.55.5 0.290 8.28 0.294 
- 
« 
j 
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the limits of error in the observation, it may be said, firstly, 
that the errors in measuring the volumes used in the calculations 
_ were necessarily very small. In the hook-gauge readings which 
were made as the water was falling, it is quite probable that 
intermediate readings taken between a head of 2 feet and 1 foot 


and the conse quent 
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COEFFICIENT 
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Time, Minutes | 

5 6 7 8 10 11 2 
HOOK GAUGE AND TIME READINGS 

Taken while Basin above Weir was Emptying, 


Fre. 59. 


difficulty of having the point of the hook at the surface of the 
water when time was called at the half-minute or minute, 
although warning was given ten seconds before time was called. 
The actual log of observations plotted with reference to time and 
head is given in Fig. 59, and it is seen that the results produce a 
\ory smooth curve, slight variations at certain intervals affect- 
ing only the single observation. The probable error in time 
iiterval for the entire reading does not exceed five seconds. a 
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The coefficients, computed from the separate observations, 
are reduced by drawing a smooth curve through the calculated 
results to what are believed to be probable and average values, 
free, to a great extent, from accidental errors of observations. 
These results are given in Table 4. aa” 


WITH 


MEASUREMENT OF DISCHARGE ROD FLOATS. 


During the entire time of the test rod floats were run at dis- 
tances about four feet apart, measured across the channel. The 
course of these floats were accurately noted by an observer on 
the shore with a transit, and the observations were reduced by 


use of Francis’ formula with the greatest care by engineers in 
charge of Mr. D, W. Church. 


| | 
| 
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The formula for mean velocity is as follows: 


Vn = V, (1.0116 —o.116 


in which 


= observed velocity. d= depth. 
= mean velocity. = immersion of rod, 


On a diagram of the cross section of the eanal the mean ve- 
locity and discharge, as computed for each observation, were 
plotted to a suitable scale. The integration of the curve drawn 
through the points thus obtained gave the total discharge corre- 
sponding to the observation. This method is illustrated in Fig. 60 

The results as calculated by the formula for the discharge 
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using rod floats, were 2.7 per cent. less than that obtained with 
the coefticient of the calibration. 
The results of the observations with the rod floats are given 


, in Tables 1 and 2. 


; ‘al EFFICIENCIES OF THE PUMPING MACHINERY. 


The amount of water pumped and the efficiency of the dif- 
ferent pumps used at the station are given in the followi ing table. 
The tests which were made show the indicated horse-power for 

; each engine, corresponding to different delivery heads and 


TESTS OF ENGINE No. 2. 
= WITH 


2 CENTRIFUGAL Pumps. 
Erriciency AND Capacity. 


| 


|_| 


| 
| 
a 


~ 


er 


Cubic Feet per Minute 


|_| 


80 
Number of Revolutions per Minute 


Fic. 61 


different volumes of water discharged. The work of raising the — 
water against the head for the stated conditions was computed, | 
from which the efficiency of the entire plant, including both 
engine and pump, was calculated. The friction of the engine 
could not be determined under the conditions existing at the 
time the test was made, so that the efficiency of the pump alone — 
could not be computed without a hypothetical allowance for 
friction. On the supposition that the engine friction is 10 per 
cent. of the indicated horse-power, an amount which is known 
to be very little in error, a table of probable efficiency of the 
pumps independent of the engine was computed and is given. 
The curves of efficiency and capacity of the pumps operated by | 
engine No. 2 are shown in the accompanying _— (Fig. 61). 
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TABLE OF EFFICIENCIES OF PUMPING MACRINERY. 


= s2 = Sa. 


1 | 1 Undulating ..... 270.7) 1.405 | 5.645 10,538 112.9 41.7 

2 | 2 |Centrifugal 412.2 | 100.8 1.925 | 6.108 15,680 182.1 44.2 
3 | 2 240.6 | 86.4 1.523 | 5.80 11,898 131.3 54.5 
4 | 2 70.02) 1.064 | 5.18 6,764 66.8 49.1 
§ | 2 56.01 0.3820 4.41 1,421 1.9 16.5 
3 .---| 844.6 | 99.7 | 1.824 | 5.98 | 14,969 170.8 51.2 
3 208.9 84.4 | 1.416 | 5.62 $10,606 113.5 4.3 
8/4 | . 212.9 | 82.4 | 1.322 | 5.87 9,440 96.0 45.3 


| \ | 


| 
Probable Work of Probable 
— Paro Kind of Pump. Delivered Pumping Efficiency of 
Horse-power. Horse-power. Pump. 


= 1 Undulating........ 245 112.9 45.4 
a 2 2 Centrifugal ..... i 371 182.1 49.1 
2 216.5 131.5 61.1 
4 2 122.5 66.8 54.4 
6 3 310.2 | 170.8 55.2 
7 3 188 113.5 60.40 
8 4 192 96.0 50.0 


FORMULZ FOR DISCHARGE THROUGH WEIRS. 


In connection with various computations made for discharge 
over the weir numerous authorities were consulted, and an 


abstract of the various formule and coefficients relating to sim- 


ilar cases are appended for convenience of reference. 

The formula ordinarily employed for computing the discharge 
of water through a rectangular weir, in case there is no velocity 
of approach at the point where the hook gauge is located, is as 
follows 

Q=c 34/29 - bH?=e 3(8.025)bH! = 5.35eb/73, (1) 


in which Q equals the quantity discharged in cubic feet per 
second, } isthe length of the weir, 17 the height or head of water 
flowing over the weir (corresponding in the following experiments 
to the hook-gauge reading), c the coefficient of discharge. 
The value of ¢, the coefficient of discharge, varies with the 
length of the weir and with the depth of water flowing over the 
crest : it is less for short weirs than for long ones, and is greater 
| for low heads than for high heads. The following table, copied 
= 
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from Merriman’s //ydraulics, gives the values of the coefficient 
of discharge, c, as deduced by Hamilton Smith, Jr., from experi- 
ments by Lesbros, Francis, Fteley, and Stearns. The table of 
coefticients for weirs with end contractions shows a variation, 
from the highest heads on the shortest weirs to the lowest heads 
on the longest weirs, from 0.587 to 0,656, and without end con- 
tractions from 0.652 to 0.623. 


COEFFICIENT FOR CONTRACTED WETRs. 


Effec- | 
tive 
Head.in 


eet. 


Lenectu or Weir In Freer. 


0.658 0.655 0.656 0.657 
.640 0.643 
.631 .633 | 0.625 
626 .629 0.630 
621 624 625 0.626 
O15 .618 .§20 0.622 
.611 615 617 0.619 
.608 615 0.617 
606 .612 | 0 616 
.611 0.615 
.§12 0.615 
601 .608 -611 0.614 
.597 .608 610 0.6135 
.602 . 609 0.616 

.082 . 600 0.614 


~t 


— 


2 
.4 


* Not given in table. Coefticient calculated by differences by the writer. 


TABLE OF COEFFICIENTS FOR WEIRS WITHOUT END CONTRACTION. 


Effective Lenetu or Weir in Feet. 


10 19 
.659 0.658 . 658 0.657 
645 

.638 .637 

.63- .633 

.631 . 629 

.628 -625 

. 624 

.627 623 

.628 .624 

.629 -625 

.631 -627 

.685 628 

.632 

.640 

.642 . 637 


~ 


0 682 0.639 0.646 
619 625 634 
605 .612 621 
601 .608 616 
595 601 609 
605 
. O87 .593 | 
98 
.592 
| 590 
585 
4 i. 
= 
= 

[. | 0.652 0.649 0.647 af 

) .641 638 6386 
.636 .633 y 
.633 .630 
.637 -633 630 A 
.6388 .634 . 630 
.640 .635 
.6438 -637 
.648 .641 6387 
| 
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A formula which is extensively used in America for comput- 
ing the flow through weirs was given by Francis in 1854, and 


was deduced by him from experiments on weirs not less than 
10 feet long and with heads ranging from 0.4 to 1.6 feet. J*ran- 
cis’ formule are as follows: 

First, for weirs without end contractions— 


= 3.334! = 0.622611, ; 
and, second, for weirs with two end contractions— 
Q = 3.33.(b — 0.2H) = .622,/29(b — 0.217) H3. 


In this latter formula it is supposed that the effect of each end 
contraction is to shorten the effective length of the weir by an 
amount equal to 0.1/7. 


CORRECTION FOR VELOCITY OF APPROACH AND AREA OF NOTCH. 


Where the water approaches the weir with a certain velocity, 
the coefficient of discharge is to be increased. The methods 
employed by different authorities for this computation are as 
follows: 

Let / equal the square of the velocity of the current in feet 
per second divided by 29(64.32), then will the flow over the 
weir be as follows, as given by Rankine 

* = 5.35cb [(H + h)i — = 3.330 + h)i— when 
+ @ = 3.33 (b — 0.2H) (77 + — 
as given by Hamilton Smith, Jr.— 


(1 + 1LAh)! 29 = 5.35eb (UT + 1.4h)4. 


as given by Francis— 


Some experiments were made at Sibley College to determine 
the effect of the velocity of approach on the coefficient of dis- 
charge of 8-inch notches, constructed so as to be interchange- 
able and having the same coefficient of discharge when used 
under the same conditions. These notches were arranged so 
that the same water should flow through each, approaching one 


* Rankine’s Civil Engineering, page 688. 
+ Merriman’s Hydraulics, page 113. 
t Merriman’s Hydraulics, page 109. 
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with no appreciable velocity and the other with considerable 
velocity. The results of this test, which are appended to the 
paper, indicate a correction somewhat greater than that given 
by Smith. The formula found to apply very accurately, with 
velocity of approach from 0.2 to 0.8 foot per second, was 


Q = je(H + 3.7h)! by/ 2g = 5.85cb + 


The dimensions of the notch through which the flow takes 
place, compared with that of the stream, has considerable influ- 
ence on the coefficient of discharge. Regarding this, Weis- 
bach * makes the following statement: “The most extensive 
experiments were made by d’Aubuisson and Castel. From 
these, d’Aubuisson concludes that for overfalls whose width is 
not greater than one-third that of the canal or of the wall in 
which the weir is placed, we can put the coefficient of discharge 
ce = 0.60; that, on the contrary, when the overfall extends 
across the whole wall or has the same width as the canal, we 
must take ¢ = 0.665; that finally, when the relations between 
the width of the notch and that of the canal differ from the 
above, the coefficient of efflux is very varied, the extremes being 
0.58 and 0.66. The experiments made in 1853 and 1854 at 
Hanswyk, upon overfalls 3 to 6 meters wide, under a head of 
0.1 to 1.0 meter, gave ¢ = 0.64 to 0.65.” 

Weisbach corrects for imperfect contraction and area of notch 
as well as for the velocity of approach by using a factor which 
increases the effective length of the weir instead of the head. 
Thus in vol. i., Wechanics of Engineering, page 845, he gives for 
the discharge of a weir with end contractions, i: an diel a 

Q = Fe (14+ 


and for one without end contraction, _ 


= je Qqh? (1.041 + 0.3693n") 


In the above formule, ¢ is the coefficient of discharge for no 
velocity of approach and perfect contraction, and x is the area 
of cross-section of the notch divided by the area of cross- 
section of the stream. Weisbach gives for the value of ¢ for 
overfalls of great width, as obtained by Eytelwein, 0.63, and by 
Bidone 0.62, the average being 0.625. 


i 
* Mechanics of Engineering, vol i., page 834. 
18 
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The correction given for dimensions of notch and the velocity 
of approach by Weisbach was, as he states, deduced from ex- 
periments made at Leipzig in 1843. It is in every case over 4 
per cent. as compared with a weir with perfect contraction, but 
is considerably less than the corrections used by others for a 
weir with end contractions. 

For convenience of computation, Weisbach gives the following 
tables of factors, which, if multiplied by the coefficient ¢ of dis- 
charge without velocity of approach, will give a new coefficient 
corrected for velocity of approach. — 


TABLE OF FacToRs. 


CORRECTION FAcTors. 
Values of xn. -— 


With End Contraction. Without End Contraction. 


.000 
.001 
007 
.014 
026 
044 .100 
.116 
1.107 1.133 


041 
.042 
.049 
. 064 
.086 


The methods of correcting for velocity of approach given by 
Rankine and Francis are substantially identical; that given 
by Smith and that obtained by calibration in Sibley College are 
substantially different and considerably greater. 

During the test the mean velocities of approach for different 
readings of the hook gauge were found to be as given in the 
following table : 


iain 


. 
4 
“2 
q 
0.05 
010° 
0.25 
ie 
0.40 
0.45 gt? 
0.50 | 
‘a Z 


Reading of Hook Value of 100n, Weis- Average Velocity of Head Corresponding to 
Gauge. bach’s Formulas, Approach. Velocity of Approach. ; 


Per Cent. Feet per Sec. Feet. 
1.538 .02 .00001 
2.3 046 | .00003 
3.68 00015 

123 2S .00023 

01 000386 

00052 

00070 
60091 
00142 
00151 
00183 
00224 
.00265 
00310 

0.00258 
00410 
00480 
.00533 


It is to be noted that the correction for increased head due to 
the velocity of approach by any of the methods is very small — 
and may be neglected without sensibly affecting the results, but _ 
the correction for dimensions of notch, especially for a weir with | 


the velocity of approach, as given by the “different 
cited, from heads of 2 to 1.5 feet. ae} 


CORRECTION FOR VELOCITY OF APPROACH. 


FacToRs FoR CORRECTING COEFFICIENT. 


Head over Weir.) WEISBACH. 
Experiments. Imperfect Perfect 
Contraction. | Contraction. 


— — 


1.0039 .005 | 1.0148 1.0460 1.00036 
1.0034 .0052 1.0140 1.0458 1.00028 
1.0028 1.0125 1.0456 1.00025 
1.0025 0 1.0107 1.0452 1.00022 
1.0019 O08 | 1.0090 1.0448 1.00017 
1.0013 008 1.0450 


. a 
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— 
Feet. 
0.2 
0.3) | 
0.5 
0.7 
0.8 
0.9 
1.0 
14 
1.2 
1.4 
1.9 
2.0 
2 feet. 
J 
1.8 « 
1.7 
1.6 “ 
4 


276 TEST OF CENTRIFUGAL PUMPS AND CALIBRATION OF WEIR. 


RESULTS OF THE CALIBRATION, 


The discharge in cubic feet per minute, corresponding to the 
various heads or hook-gauge readings, is shown by the curve, 
Fig. 62, as obtained by the calibration. The coefficients corre- 
sponding to the value of ¢ in the formula Q = jcbhv2yh vary 
for different heads within the limits 0.646 and 0.658, and hence 
agree very closely with those obtained by d’Aubuisson for what 
seems to have been similar conditions. These values, reduced 
for velocity of the approaching water by the method which 


2.0 
1.9 
1.8 
17 
1.6 


tauge Readings 


Discuance Cuave, 


& 
Discharge, Cubie Feet per Minute. 
Fie. 62. 


makes the greatest correction, even if the end contraction be 
considered as entirely wanting, give results which are 
by about two per cent. than those previously tabulated. 

To compare the coefficients actually obtained with those ap- 
plicable to cases with perfect contraction and no velocity of 
approach, some formula of reduction should be applied. That 
given by Francis and Rankine is theoretical, and does not seem 
to have been checked by experiment, but all the others were 
determined from experimental investigations. The Sibley Col- 
lege formula to which reference has been made was deduced 
from experiments with 8-inch notches, and for that reason may 
not apply with accuracy to large weirs; that given by Smith is 
for weirs with end contraction, and this is true to a certain 


greater 


if 
{ 
: 
= 
> 
: 
0.7 
. 
4 
he 
q 
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extent with that obtained in Sibley College. Those given by 

_ Weisbach have seemed to the writer to be most nearly applicable — 
to the case, for the reason that the dimensions of the notch are 
given consideration, and they give results which agree closely 
with our calibration; for this reason they have been given the 
most weight in the table which follows. The table gives the | 

coefficients which were obtained from the calibration and which ; 
would seem to be correct for the conditions referred to, with a — 

probable error not exceeding one per cent. The unreduced © 
coeflicients are to be used in the formula, 


=e 


= Rebhv 2qh Chhi, 


In the preceding tables of coefficients given on page 272, the — 
values correspond to that of ¢ in the above formula. By using _ 
the formula ( 4/! one constant only need be used, and its appli- 


» 
cation is consequently less laborious. 


> 
TABLE OF COEFFICIENTS OF WETR, 

Wrruovut Repvetion. VALveE or ¢ Repvucep. 

in Feet. | Sibley College | Weisbach's Formula. 

| Value of ¢. Value of | Formula. Imperfect Con- 

| Velocity Approach. traction, 
2 | 0.646 3.456 | 0.637 0.617 
1.9 0.647 3.461 0.638 0.617 
1.8 0.648 3.465 0.642 0.618 
0.649 3.470 0.6438 0.619 
1.6 0.649 8.475 | 0.644 0.620 
1.5 0.651 3.481 0.646 0.621 
1.4 0.652 3.488 | 0.648 0.623 
1.3 0.653 3.496 0.649 0.625 
1.2 | 0.654 8.505 0.650 0.626 
0.654 8.515 0.651 0. 
1.0 0.655 8.525 0.652 ” 0.627 
0.9 0.655 8.536 0.653 0.627 
0.8 | 0.655 3.551 0.653 0.627 
0.7 0.655 3.568 0.654 0.628 
0.6 0.656 3.586 | 0.655 0.628 
0.5 | 0.656 3.606 0.656 0.629 
0.4 0.657 3.68 0.656 0.629 
0.3 0.657 3.660 0.686 0.630 
0.2 8.700 0.657 


| 
| 
C= 2g = 5.25. 
-1 
| 


CONCLUSIONS, 


The general conclusions to be drawn from the results of the 
test and a study of previous experiments are briefly as follows: 

1. The length of an overfall, if great in proportion to the 
width of the stream, has considerable effect on the results. This 
effect is not considered in the ordinary formula nor in that of 
Francis, and hence both fail to give accurate results for these 
conditions. 

2. When the length of overfall is nearly equal to the width of 
the undammed stream, as in the case considered, the end con- 
tractions have little effect on the discharge, and the results 
correspond to weirs with imperfect end contraction. 

3. A weir constructed without end contraction is better under 
usual conditions than one with end contraction, and is recom- 
mended for ordinary use. 

4. The formula of Weisbach, as given heretofore, viz., 


Q = (1.041 + 0.3693n") b = 5.35e (1.041 + 0.369322) bh}, 


in which c = 0.625, is believed to apply to wide overfalls similar 
to the one described with greater accuracy than any formule» 
examined. If we substitute the value of ¢ in the formula, we 
shall have : 


Q = 3.344 (1.041 + 0.36932") 


The application of this formula gives results which differ but 
slightly more than one per cent. from the extreme values of the 
calibration, and differ but a fraction of one per cent. from the 
values used throughout the test. The last column in the pre- 
ceding table gives the coefficient to be substituted in the 
formula of Weisbach, as given above, to agree exactly with 
the results of the calibration, and this is seen to vary from 
0.617 to 0.631 for a range of heads from 2 feet to 0.2 foot. To 
account for this variation, an additional term or factor would 
need to be introduced; this would be an additional complexity 
not warranted by the slight additional accuracy to be secured. 

The following tables give the results of the various tests and 
computations referred to as follows : 

Table No. 1. Discharge observations with rod float reduced 
by Francis’ formule. 


as. : 215 TEST OF CENTRIFUGAL PUMPS AND CALIBRATION OF WEIR. 
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Table No. 2. Methods of computing discharge with rod floats. 
Table No. 3. Observations for coefficient of discharge. 
Table No. 4. Computation of coefficient of discharge. 
Table No. 5. Water discharged by “Undulating” or Court- 
right pump. 
Table No. 6. Water discharged by pumps operated by engine 
No. 2. 
Table No. 7. Water discharged by pumps operated by engine 
No. 2. 
Table No. 8. Water discharged by pumps operated by engine 
No. 2. 
Table No. 9. Water discharged by pumps operated by engine 
Ne ). 2. 
Table No. 10. Water discharged by pumps operated by engine 
No. 3. 
a Table No. 11. Water discharged by pumps operated by engine 
Table No. 12. Water discharged by pumps operated by engine _ 
No. 4. 
Table No. 13. Summary of results of pump test. 


\ 


TABLE NO. 1. 


DISCHARGE OBSERVATIONS AT CANAL: PumMPING WorkKs.—Rop FLoatT 
MetHops.—VELOCITIES REDUCED BY FRANCIS’ FORMULA, 


Gavee Reap 
ING, Fr. ABOVE 
CHICAGO 
Datum. 


| Running and 


Speed. 
- 


rary. 


Hour. 


“oot Bridge, 
Mean Velocity, Feet per 


Discharge, 


10.10 A. M.|3.7 


at 


po? 


< 


i 


Tr 


S 
such 


ou 


4 
Hee 


2 
3 | 
4 
5 
6 
7 
8 
9 


as 


oo 


1.70 158. 60. 3611 r.6 
5.70 458.6 0.3854 176. 
.62 453.5 0.3929 176.5 
459.20. 3788 173.8 
5.70 458.6 0.3728 170. 
.22 491.3 0.5506 270.2 
37- 7. 3 5.82 466.1 0.38787 176.5 

8.5 5.82 466.1 0.4086 190. 
Combinat'’n 24 & 2. 5.80 464.8 0.4043 
10.45 Pp. M.- 12. 35 A. 

Late 71 459.2 0.3654 167.8 10,066 | 

3.71 459.2 0.3814 175.1 10,507 
3.71 459.2 0.3762 172.7) 10,363 | 
.71 459.2 0.3151 144.6 8,674) 
6.63 454.2 0.3155 143. 
.63 454.2 0.3390 154 9,239 | 
| 434.8 0.2435 105.9 635° 


= 


= 
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- 
i 
: - 
3 3.80... 39,540 
| 41,460 eal 
1 37.140 a 
38.340 
44.700 
42.300 
42,120 
7 34,902 Centrifugal Pumps. 
606.6 36.369 16 
a 594.4 35.667 6 
980 583.4 35.004 6 = 
097 617.8 37,089 |6 
| 114 622.9 6 
12 146 632.2 37.932 |6 
13 126 (626.5) 37,592 |6 as 
14 189 1644.9) 38,696 16 
0.1, 41.4 Rev's. 
E 20 | 24 
21 | 
24a 
30d | 
32 .02 
| 
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7 Rop FLOAT OBSERVATIONS 


DISTANCE OUT FROM 
ZeERo LINE aT 


Va. 


Wuicu Froat 


RANGES. 


Upper. Middle. Lower. 


D of Francis. 
Formula. 


is Measured. 


Length of Float. 
nate 


Francis’ 


Correction for Velocit 


Discharge Curve Ordi 


| Depth of Immersion = J. 


| ==: 0.100 
0.152 
0.200 
2.03.0.13 0.9706 2665 0.2585 
4.210.39 0.939 0.3187 0.2992 
.O8 7.710.47 0.932 0.3627 6.2380 
.00 11.11 0.19 0.961 0.3604 0.3463 1 
.00 11.71.0.15 0.967 9.4646 0.4493 1 
.00 11.21 0.20 0.960 0.4831 0.46388 1 
7.410.038 0.992 0.4464 0.4428 
6.610.388 0.940 0.4546 0.4273 
4.71 0.45 6.984 0.4251 0.3970 
3.21 0.45 0.934 0.3534 0.3301 
0.280 
0.240 
0.180 
10.140 


to 


2 


Di 


34.001 
14.842 
6.105 


12 
18 
25 

7 


45 
50 


7.041 
2.936 


or cro ocr 


176.715 = 60 = 10,608 = Discharge per minute. 


Francis’ Formula for Reducing Observed to Mean Velocities: 


Vm = Vr [ 1.0116 0.116 
Vr = Observed Velocity. a 
Vm = Mean Velocity. 
Depth. 
Immersion of Rod, 


TEST OF CENTRIFUGAL PUMPS 
>. 2,4 TABLE NO. 2. 
18.—METHOD oF ComPpUTING DISCHARGE 
= 
6 Total. 
7 Yl 0.041 
| 8 51 0.151 
81 0.275 1.141 
10 .06 0.412 4.462 y 
14 11 03 0.525 15.464 4 
17 16 260 16 
983) 24 8.606 72 
29 1.848 
«61 60 
63 71 10.759) 
64 41 0.578) 
65 | 21 0.398) 
66 21 0.169 
67 91 0.162 
69 | | 0.0000.000 1.714 
Discharge, cubic feet per second. 
ao 
‘ 


OBSERVATIONS FOR COEFFICIENT 


TABLE NO. 3. 


above 


Crest of Weir, Feet. 


Height of Water 


(2) 

sé 


above Level of Weir. 


by Leakage 


Each J, Drop, 


that Passed 
Cubic Feet. 


etween Each yy 
ft. and next ys Above. 


Volume of Water in 
Rate of Leakage per 
asin 


Minute, Cubic Feet. 


Quantity 


during 


Out of 


90 ,559- 


85,902 
81,257 
76,626 
72,008 
67,462 
62,810 
58, 230 
53,664 
49,109 
44,568 
40,045 
35,537 
31,043 
26,565 
22,100 
17,651 
13,216 
8,796 
4,391 


Actual Volume Passing 
over Weir with Each 
ty Drop, Cubic Feet 


7 


4,628 
4,614 
4,600 


2 
to 
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+ 
| aq) | | @ (5) | ® | @ | ®& 
J ° 
{ 
223 
2.00 53 
1.90 657 53 
1.80 644 | 58 0.2988 16 262 
Bok ’ 1.70 631 53 0.3131 17 244 
1.60 618 62 59 | 18 222 
: 1.50 ,605 52 712 19 206 
: 1.40 592 E 172 21 187 
579 627 | 24 165 
: 1.20 176 27 146 
} 555 847 30 129 
541 676 34 113 
0.90 523 51 710 39 
0.80 L508 51 100 46 
0.70 | 494 51 800 55 i 
0.60 479 51 3 68 
ah 0.50 tL 464 50 9 84 
0.40 449 112 337 
7 0.30 1435 | 50 0 160 275 | 
0.20 1420 | 50 
0.10 4405 | 50 
0.00 | 000 4,301 | 50 | | | 


TABLE 


NO. 4 


CALCULATION OF COEFFICIENT OF DISCHARGE FROM DATA IN TABLE 38. 


= 
— 
St = + 
¢ 
+ 
a7 
= 
+ 
=) 
+ 


+ “ls + 
+ 
~ 
x 
2 
~ l> 


| | 


—1.6 600 47793 

586 .52482 
—1.4 571 .5T992 
—l. 555 64535 


co 


) 
539 .72441 
,525 .82096 
4,507 94104 
1.09282 
0.9—0.8 4,462 1.29254 
0.8—0.7 4,439 1.55849 
0.7—0.6 4,411 1.93027 
0.6—0.5 4,380 2.48365 
0.5—0.4 4,337 3.36276 
0.4—0.3 4,275 4.92442 


| | 


1.0—0. 


732 OS 


80.214 

88.373 

98.027 
109.651 
123.872 
141.349 
163.324 
192.236 
230.647 
283.883 
362.591 
485.815 
701.760 


17.602) 
| 19.090 
20.757 
22.720 
25.031 
27.765 
31.058 
35.086 
40.037 
46.260 
54.380 
65.060 1. 
| 79.740 1. 
101.330 |. 
134.570 2. 
191.690 3. 


-2933 3.5305 3.6990 3. 
3181 3.5305 3.5103 
.8459 3.5305 5.5924 3.508 3.470 
.8712 3.5305 3.4279 

.4172 3.5305 3.5068 3.51 

.4627 3.5305 3.7131 3.520 
.5176 3.5305 3.5834 3.526 
.5847 3.5305 3.4409 3.5382 3.505 
.6673 3.5305 3. 4644 3.540:3.515 
7710.3. 5305 3.5352 3.548 3.525 
-9100 3.535 3.5599 3.556 3.536 


Cobh 


(Minutes). 


Coefficient. 


t 
Probable Coefficient, 


Ordinary Formula, 


3.46 


O80 (3.545 3.5593 3.569 3.551 
330 3.560 3.6395 3.584 8.568 
690 (3.5971 3.604 3.586 
240 3.610 3.6147 3.630 3.606 
200 |3.661 3.7460 3.674 3.620 
3.66 

| | | 


ws 


coeflicient may be obtained for each tenth. 


* The above are correct values of Ct to within y%5 of one per cent. of the exact value of 


f= , ae stated by Mr. Ericson (as calculated). Dividing C¢ by the corresponding values of ¢, a 
y 
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* 
TABLE NO. 


WATER DISCHARGED BY ENGINE No. 1 (OPERATING CouRTRIGHT Pump), 41.40 
REVOLUTIONS PER MINUTE. 


1893. 


Hook-Gauge 
Reading. 


Leakage per 
Minute 
Measurement. 


Number Used by 
Prof. Carpenter 
July 18, 


10,304 

10,357 | 
10,374 10,416 | 9,936 
10,629 A 
10,482 
| 11.38 


1.: 
1 
1.: 
1. 
A 


10,374} 10.404 | 10,608 


10,374 
10,495 
10,495 
10, 631 
10,521 10,533 


.405 ay 10,521 | 

2 10,521 

| 10,612 

.418 | 0.3788 10,665 

408 10,559 

.420 Dé 10,686 

.420 5: 10,656 

.420 0.3723 5s 10,686 
.424 y 10,728 726 10,243 
10,654 
y 10,876 4.00 


rnorcrorcr 


405 


mow 


10,522 10,58 10,382 
Rod Float Average . 10,882 | 
Difference......- 


| 
| 
| 
1 2 8 | 5 | 6 | 
a | | 229° 
= 
1 | 10.1% 52 
2 | 10.3 52 
| 10.4 0.3611 52 
4 11.0 52 
52 
) 6 | 11.3 52 
| 11.4) 0.3854 52 
| M. 
12 B92 52 
9 403 12.30 P.M. 
10 
11 | 
12 | 0.3929 10,690 
13 
14 
15 
16 
17 
18 
19 
80 
21 
22 
23 
2 


TABLE NO. 6. 


WatTER D:sCHARGED BY ENGINE NO. 2, OPERATING TWO CENTRIFUGAL Pours, 
100.8 REVOLUTIONS PER MINUTE. 


r 
od 


by Re 


Float 


_ Measurements. 


Prof. Carpenter. 
Hook-Gauge 


Reading 
Minute. 
Total Cu. Ft 
Delivered per 
Measurements, 


Discharge 


Minu 


Average of Weir 


J'ly 18,93 


ts | Number Used by 


16,781 
16,781 
16,660 
16,862 
16,915 


5. 
5. 
5. 
5. 
5. 
5. 
6. 


| 
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- 
1 2 3 6 7 | | 
= e 
1.935 | | 53 | 16.925 | 
1.920 58 | 16,735 | 
2 | 1.915 53 | 16,673 | 
11.928) 16,851 
1.923 | ei 53 16,781 | _|_5.30 P.M. 4 
3 1.930 | 53 A 
1.923 53 4 
1.923 | 0.5506 , 53 
4 1.914 | 53 Speed 
1.930 BB | 
1.934 | 53 reduce. 
5 00 1.925 53 | 16,798 | 15,680 16,232 
Averages.|....... 16,802 | 
16.05 1.936 16,936 | | 
|6.10 1.797 517% | 
6.14 1.675 | 13,659 ; | 
6.20 | 1.587 12,604 
6.28 1.546 12,127 6.28 P.M. 


TABLE NO. % 
__ _Enarne No, 2, OPERATING Two CENTRIFUGAL PuMPs, 86.4 REVOLUTIONS PER 
MINUTE, 


| 
| 


Weir 
er 


roach from 


Hook-Gauge 
Reading. 
Velocity of 
tod Float 
per Second. 
Leakage per 
Minute. 
Total Cu. Ft. 

Minute by Rod 
Float 
Measurements. 


Minute, 
Measurement. 


Prof. Carpenter. 


Average of Weir 
Measurements 


Number Used by 
Measurements, Ft. 


Delivered 


Ap} 


July 18, 
6 6 


12,046 
11,872 
11,999 
11,999 
11,999 
11,800 
11,800 
11,978 
12,046 
12,046 
11,988 
11,851 
11,872 
11,808 
11,794 
11,986 
11,936 
| 11,936 

.580 5 11,936 
.530 11,936 
. 5380 52 | 11,9386 
.5380 52 | 11,936 
.530 11,936 
by 11,936 
11,936 

11,696 
11,410 
11,590 
11,692 
11,872 
11,628 
11,539 
11,692 
11,618 
11,808 
11,770 
11,650 
11,844 


ao 
—) 


. 
7 
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aa 
1 | 2 | 3 4 | 7 
4 
A 
11,958 10,591 
735 P.M. 
A 
4 11,837 | 11,427 
11,276 
| 
= 
8.55 P.M. 
| 
4 
| 9.30 
11,898 11,008 
} | { 
| 
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roe 9 - 
TABLE NO. 8, 


c ENGINE No. 2, OPERATING Two CENTRIFUGAL Pumps, 70.02 REVOLUTIONS , - > 
PER MINUTE. 


er 


e of Weir 


No. Used by 
Prof. Carpenter. 
Hook-Gange 
Reading. 
Measurement, 
Float 
Measurements. 


Total Cu, Ft. 


Velocity of 
Approach, Feet 
per Second. 
Leakage per 
Minute 
Delivered per 

Minute, W 

Discharge 
Minute by Roa 


Avera: 


July 19, ’93 
10. 
10.0: 
10. 

| 10.2% 


6,427 
8.488 
8,384 
8,384 


— 


6,978 
7,190 
7,471 
6,391 
7,126 
6,893 
6,660 
6,628 
6,675 
6,668 
6,565 
6,596 
6,603 
6,469 


7,033 


: 

| 2 | 4 ls | 6 | 8 
] 
A 
51 
9 Pall 
51 10.25 P.M. 
066 51 A 
10 | O8% 51 
16 51 7 ‘ 
11 10.40 QOS 51 
12 | 11.00 030 0.2485 | 51 
11.05 035 51 | 6,764 6,353 
138 11.15 02 51 + 
11.20 02 51 ae 
11.25 027 51 me ae) 
14 ‘11.30 .013 51 
| 
11.35 6,550 Vv 
11.87 P.M. 


2, OPERATING Two CENTRIFUGAL Pumps, 56.01 REVOLUTIONS 


PER 


MINUTE, 


No. 
Used by | 
Prof. | 
Carpenter. 


Hook-Gange 
Reading. 


Velocity of 


| Approach, Feet | 


per Second. 


July 


8. 


DD 


Averages... 


Leakage 
per 
Minute. 


Total Cu. Ft. 
Delivered per 
Minute, Weir 
Measurement. 


1,218 
1,148 
1,071 
1,286 
1,280 
1,036 
1,280 
1,212 
1,387 
1,405 
1,464 
1,405 
1,319 
1,453 
1,433 
1,370 
1,352 
1,383 
1,258 


1,302 


eet 
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‘ 
Eyarxe No. 
— 
2 3 | 4 5 6 
as 
1 ) AM. 0.317 
) 0.290 50 
2 ) 0.329 = 50 
) 0.328 50 » 
3 ) 0.328 50 
0.247 | 
) 0.360 50 
0.350 50 
5 ) | 0.835 50 
| 0.355 50 | 
) 0.355 50 
6 0.344 7 50 | 
0.341 50 > 
0.346 50 
7 0.324 50 | 
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TABLE NO. 10. 


ENGINE No. 3, OPERATING Two CENTRIFUGAL Pumps, 99.7 REVOLUTIONS 
PER MINUTE. 


ver 

Weir 

per 


Measurement, 


Time. 


No. Used by 
Minute. 


Prof. Carpenter. 
Reading 
Velocity of 


Total Cu. Ft. 
Delivered 


Hook-Gauge 
Leakage per 


Discharge 
Minute by Rod 
Float 
Measurements. 


Average of Weir 
Measuremen 


| 


July 18, 
.00 PLM. 
10 
.20 
.25 


40 


0.5010 


sr 


14,586 


2.00 Mid 
night. 


Averages. 
July 19, 93 
12.05 A.M. 
12.10 


‘ 


Speed reduced. 
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‘ 
| 
| | 
1 1.860 15,953 
1.736 14,404 
1.798 15,188 ‘LAN 
1.819 15,453 
= 1.824 15,506 a AE 
4 | 10.45 1.834 15,633 A 
10.50 1.836 15,654 
10.55 1.828 15,686 — 
| 11.00 1.836 15,654 
11.05 1.841 15,728 ah é 
11.10 1.842 15,739 
6 11.15 1.845 15,764 
11.20 1.840 15,707 
| 11.25 1.849 15,813 
7 | 11.30 1.858 15,940 
11.35 1.839 15,703 
11.40 1.843 15,750 
8 11.45 1.846 15,781 | 
11.50 1.847 15,792 14,969 
1.882 15.601 
9 1.830 15,580 
| 
1.834 538 «15,688 
1.818 538 15,432 
12.15 1.828 53 «15,559 
12.20 1.615 53 
12.25 1.486 53) 11,498 | 
12.30 1.437 53 10,872 | 
1° 35 1.417 | 53 919 | | V 


Two CENTRIFUGAL Pumps, 84.4 REVOLUTIONS 
PER MINUTE. 


Reading. 
Velocity of 
per Second. 

Minute. 

Ft. 
ver 
Weir 
Measurement. 
Float 
Measurements. 


Approac 
Leakage per 


Hook-Gauge 
Delivered 
Discharge per 
Minute by Rod 


Total Cu. 
Minute, 


No. Used by 
Prof. Carpenter. 


July 19, 1893 
| 12.30 a.m. | 
12.35 


12.47 P.M. 


1 
1 
1 
1 


2 
2 
» 
7 
1, 
1 
1.2% 
1. 
1 
1 


10,613 


BER 


10.507 
Vv 
2.31 a.m. 


A 
2,40 a.m. 


o 
aor or or 


10,612 


www 


8.45 A.M. 


8 
+ 


SASESREKS 


Averages... 10,619 10,312 
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TARLE NO. 11 
; 
: 1 | 3 4 sj; 6 | 7 | 8 
Time. 
j 
| 
| 52 | 10,866 
10,516 
° 10,463 
10,569 
10.516 
10,584 
10,612 
10,749 10,066 
10,580 
14 10.736 
4 10,787 
moe 
10,743 
10,601 
16 10,620 
10,682 
~ 10,601 10,593 
10,579 
10,508 
: 10,474 
. 18 > 10,525 
52 10,525 
32 | | 
, 19 52 | 10.580 
0.8762 52 | 10,495 
52 10.516 
é 20 52 10,474 
— 21 52 10,586 | 10,363 
52 10,682 
52 10,576 
10.770 
> 22 52 10,787 
52 10,751 
= no WwW 40 
wwe 24 


=, 
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TABLE NO. 12. 


Enerne No. 4, OPERATING Two CENTRIFUGAL Pumps, 82.4 REVOLUTIONS 
PER MINUTE. 


ver 


tod 


Reading. 
Velocity of 
Approach, Feet 
per Second. 
Leakage per 
Minute. 


Float Meas- 


urements. 


Prof. Carpenter. 
Hook-Gauge 


Delivered per 
Minute, Weir 
Discharge 
Minute by 


Average of Weir 


Number Used by 
Total Cu. Ft. 
Measurement. 


| 
| 
| 


July 19, 


8,716 
8,271 
8,131 
9,000 
9 584 
9,686 
9,487 
9,584 
9,500 
9,525 
9,754 
9,796 
9,881 
9, 8x9 
9 807 
9,980 
9,807 
9919 | 9,887 ; 9,289 
9,870 
9,860 
9,860 
9,987 
9,860 
10,019 
9,817 
9,966 
9,976 
9,966 


orcrcreor 


” 


non 


~ 


cr cor 


o 


1 Or Or Or Or Or Or OF Or Or Or 


c 


9,625 


> 
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TABLE NO. 13. 


SUMMARY OF AVERAGES FOR COMPARISON.—DISCHARGE IN CUBIC FEET 
PER MINUTE. 


| Discharge | 
Corresponding Rod Float = 
in Time to Measurement. See Table. 


Floats. 


Cu, Ft. Cu. Ft. 
Courtright Pumps.. ; 10,538 10,382 
Centrifugal Pumps on Engine No. 2. 15,680 16,282 
11,898 11,098 
Centrifugal Pumps on Engine No. 3 | 14,969 14,586 
10,606 10,312 
9,440 8,837 
Average 11,414 11,114 
Rod Float Average 11,114 
Difference per cent ...... 2y5 


APPENDIX. 


SIBLEY COLLEGE EXPERIMENTS FOR EFFECT OF VELOCITY OF APPROACH. 


The results of the experiment to determine effect of velocity 
of approach, to which reference has been made, are given in the 
following pages. 

Because of the discrepancy referred to in the coefficients given 
for velocity of discharge, an experiment was made in Sibley 
College for determining the effect of the velocity of discharge 
on the results. Two weir notches of exactly the same kind and 
size, and perfectly interchangeable, each with a length of eight 
inches, were made : one of these was placed on a large tank, the 
area of whose surface was so great compared with the area of the 
discharge as to represent the case of discharge from still water ; 
the other was placed across a trough having a trapezoidal cross- 
section similar in many respects to that of the channel of the 
Chicago canal. The result gave, as the coefijcient of correction 
for the head due to the velocity of approach, 3.7h, instead of 
1.4/, as given by Hamilton Smith, Jr. The formula for the 
quantity of water discharged per second being 


=3c(H + 3.7h)3 ba/2g = 5.35cb (H + 3.7h)}, 


4 
| 7 
No. 5 
| No. 6 
No. 7 
No. 8 
No.100 
No. 11 
x No. 12 
4 
ed 
| | 
sae 
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in which = head over weir, and = head due to velocity of 
approach. The observations and results are shown graphically : 
in Figs, 63 and 64. 


Comte Coefficient of Discharge 
for 8" Weir,j ~.632 .619 .611 .605 .601 595 


CoeFFiciENT OF DISCHARGE AND 
Quantity DiscHARGED PER SEC- 
OND OVER 8 INCH WEIR WITHOUT 
VELCcITY OF APPROACH. 


a 


= 
by 


© 


2 


be 


Q=Quantity Water Discharged fn Cn. Ft. per Sec. 
bad 


1 2 A 
Effective Head on Weir in Ft.=I 


For Weir No. 2. 


Fie. 63. 


as CT im 
CORRECTION FoR VELOCITY 
OF AppROACH 0.3 To 0.8 


Difference between the Hook Gange Readings in feet, 


over Weirs without and with Velocity of Approach. 


4 5 .6 a 
Velocity of Approach— Weir No, 1. 


coo 4 
| a 
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RESULT SHEET OF WEIR TEST. 


Weir No. 1 has velocity of approach. 


Run C. 


Run D. | 


I Reading 


No. 1 Weir = 


Average 


He ‘ight 


294 
294 


= #7’. 


Hook-Gauge Reading 
> 


Weir No. 


Average 


242 
. 287 
8385 
-085 |. 
419 
|. 440 |: 


Height 

over 
Weir 
No. 2. 


220 | 


222 
221 
220 
.219 
239 
239 
“343 


311 | 


Werr HEADS IN FPEET.— 


Dif- 
| ference. 


.012 
| .O11 
.008 


.O11 
.012 
.O12 


Run F. 


.014 
.013 
.017 


020 


-017 


=V 


, Weir 


Approach 
lin Feet per Sec. 


=Q+ 


of 
(Velocity)? 


No. 


Velocity 


| 


1529 . 


1875 
2735 
8696 
.4665 
.5230.. 
.5730 


Height | 
over 
Weir 
No. 1. 

.318 
316 | 
314 | 
.310 
.310 
.313 
| 
.3135) 


=h 


Velocity 


0024 
.0029 
. 0053 
0072 
. 0089 


Height 


over 


iven 
= 


between 


Difference 
Hook-Gauge Readings = True 


in Merriman'’s /ydra 
Correction for Velocity. 


Correction for Velocity 


Average 


(a) 
.011 
.014 


.0033 
0074 
00805 
O101 
0115 
.0125 


0225! 
028 
. 0838 


LOG SHEET. 


= —H)+h 


Constant. 


Readings + h 


Difference between Hook-Gauge 


Weir No, 2 has no velocity of approach. \ Observer, P. G. Wilcox, M.E. 


Constant 


of 
d x A = Constant x A 


Foun 


Average Valne 
3.7h. 


5 .0088 


.0108 


5) .0157 


.0185) ¢ 


.0198 


-0213 4 


0268 


2.0305 


| 


fh=a—b. 


True Correction for Velocity, 
3. 


.0002 
0013 
0012 
.0002 
0025 
.000 


Dif- 
ference. 


* 338 
.335 


.020 
.022 
.022 
.021 
.024 
.021 
-023 || 


Run G. 


-029 
.027 
.029 
.028 
. 028 
-028 
025 


Run HH. 


| 
| Heigh 


over 
Weir 


t 


No. 1. 


.393 

390 


| .889 
.389 


386 


.408 
.412 
.422 
407 
.406 
.405 
.404 


-408 


Height 
over 
We ir 
No. 2. 


426 | 
22 
| 
.418 
-418 
414 


.438 

452 
.460 
.434 
.435 
.436 
.436 
.4388 
.442 


Dif- 
ference, 


026 
.029 
.029 
.029 
085 
O84 
049 
.088 
.027 
.029 
. 082 


~ 
an 
#f 
4 
4 
sik: 
| |_| 
A | .2105 555 | .3 
B |.231 582 |.4 
C |.2738 636.5 
D |.294 648 | .5 
E | .3138 688 .6 
G .391 788.7 
H |.407 809 .7 
wan — 
_ No. 1 
| . 208 
| 
“| .211 
S| 
21¢ 
225 
. 283 .B59 .BR4 
275 | .359 | .882 | 
| 
Pre | 
al 


eundé, 


DISCUSSION. 


Prof. R. H. Thurston.—Professor Carpenter’s paper has more © 
importance and represents a more extensive and uniquely great “a 
investigation than its simple character and quiet statement 


would at first lead one to suspect. It is not only an exception- - 
ally complete study of the behavior of a very exceptionally large 7 
weir, but it is most important as evidence of the probability— 
amounting almost toa certainty—-that the older and simpler 
formula of Weisbach may be substituted with advantage for the | % 
later and more complicated expressions which have come into — 7 
such extensive use, during recent years, in tlhe measurement of © . 
flows of great volume and over very large weirs. The statement 
_ of the efficiency found for large centrifugal pumps is also a sub- — 
; ject of much interest to the profession, and even the results ob- 


tained from the singular construction which has been oddly 
dubbed “ Undulating pump” have some value. 


I have had some knowledge of the case, and of the place and = 
the circumstances of the test, and am therefore the more con- _ 
vinced that this investigation will command attention and repay _ 

careful study. It happened that, when the great work of which 
this forms a part was in contemplation, I was employed tospend _ 
some time in Chicago representing the proposing builders of an 
orthodox, but, as it turned out, 


greatly superior design of pumps, 


with the conditions and requirements, and while, as we natu- 
rally coneluded, competition in cost rather than in reliability 
and efficiency resulted in our defeat, I brou ght away a Lane 


of efficiencies with raxintions of pump, 
the maximum attained is good. The conditions were very favor 
able to the employment of that class of apparatus. The figures 
here given for efficiency of the two forms of pumps in use, at 
this time, further illustrate the dominance of the amateur over 
the expert designer in so many cases in the public works depart- 
ments of our municipalities. 

The working up of the data obtained on the final tests o 
the machinery here described, was a formidable and tedious 
and nice piece of work. 


- 
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The opportunities for test of weirs of large section and great 
flow have been very few, and such experiments as these have 
remarkable interest and value both for their rarity and for the 
importance of the case. The fact; should this evidence be fully 
corroborated, that the Weisbach formula is the best available 
for such large work is one which has extreme importance for all 
such work as is here illustrated. The assurance is the more 


welcome as the Weisbach formula is a comparatively simple ex- 


pression and its use is attended with relatively little labor. 

The laboratory tests of notches seem to me valuable. They 
are certainly ingenious. 

Mr. Samuel Mc ETroy.—This admirably written paper joins the 
class of experimental contributions to hydraulic science which 
merits the thanks of all hydraulic engineers, and the conclusions 
demonstrated by observations so well conducted are valuable. 

Science in various ways has been greatly benefited by labora- 
tory experiments which define principles, but great forces in 
nature, as engineers meet them, in such a country as ours, often 
seriously modify laboratory conclusions. We need, then, on the 
largest scale possible, carefully studied records of observations, 
which, like this Chicago test, give us additional facts. 

One of the valuable points made here is the demonstration of 
the principle that large sections have less friction than smaller 
ones, with greater coefficients of discharge. In 1862 Mr. Slade 
and I claimed, in the Washington aqueduct arbitration, that 
about 45 per cent. should be added to the standard formule 
of that date for that structure, and actual proof of our posi- 
tion was given. Experiments continued in the same line have 
confirmed this theory, so that now the coefficient for a “ mean 
hydraulic radius” of 1 being 119.28, in the Chezy formula a 
“radius” of 4 has 134.42. 

It is therefore quite in line that a weir 29.87 feet long should 
have a coefficient of 3.53, where for 10 feet the elaborate ex- 
periments of Mr. Francis had a range of 3.218 to 3.357. There 
are various reasons why this should be so, one of the most 
prominent being the superior velocity of the central current 
in a wider and deeper stream. 

It also takes no small laboratory incubus from the conditions 
of wier flow, attributed to Mr. Francis, to be reminded here 
how admirably D’Aubuisson demonstrated the weir formula as 
identical with that of the orifice. 
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There has been also a great deal of unnecessary prominence — 
given to “end contraction” on a weir, in any stream of impor- 
tant flow, due to the niceties of Mr. Francis’ experimental pre-— 
‘autions. In ordinary practice, where a weir must usually be 
narrower than the stream, and where there is the usual velocity | 
of approach, it will be found that, instead of a contraction reduc- 
ing the practical length of the weir, the water actually piles up— 
as it passes over, and requires a correction increasing the length. — 

Another point comes directly within the analysis of plain 
dynamic principles, and, where the forces are at all important, — 
seems much underrated ; this is the correction for “velocity of 
approach.” 

It is a plain principle in dynamies that the junction of two 
forces in the same direction gives their sum as the resultant. 

It is a plain principle in hydraulics that the flow of any con- 
duit js the product of its mean velocity into its cross-section. 
If then, by any process, this velocity is increased, there must 
be a corresponding increase in discharge. Where it takes one 
foot head to produce a velocity of 8.03 feet a second, slight veloci- 
ties have little effect, whereas important velocities must not 
be neglected. 

To avoid discussion, I will cite in illustration a single case : 

In April, 1869, the North Branch reservoir, 42 miles and 1,015 
feet above Lyon’s Falls, on the Black River, New York, ruptured 
its dam in a flood, and in about nine hours poured about 500,- 
000,000 cubie feet over a dam 405 feet long, the crest height 
being 7.8 feet, when the flow was about 57.745 cubic feet a second. 
The ordinary formula, without correction, would be 2=34 = 505 
7.8:= 36.336 cubie feet; while the head should be 10.425 feet, 
showing practically 2.625 above the actual crest, or about Weis- 
bach’s coefficient of 50 per cent. of the head, 3.34 feet, due to the 
actual 14.66 feet velocity of approach. In other words, less the 
proper coefficient of friction flow, the whole velocity of approach 
was an addition to the parabola velocity of the actual weir 
depth. 

Engineers who have to deal with cases like this find it neces- 
sary to give subordinate values to laboratory experiments. 


Mr. Wm. Kent.—I think Professor Carpenter is to be con- 
zratulated on having presented such an admirable paper. I | 
would suggest, if it be possible, that he add a footnote, giving : 
a little of the history of this famous Bridgeport pumping engine. | 
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It is not right that that engine should be allowed to pass into 
oblivion with so little notice as it has had. Some years hence 
people going through our transactions will find this wonderful 
pumping engine, and will want to know something more about 
it. If it could be recorded what engineers approved and 
recommended it to the Chicago City Council, and how the 
Chicago City Council failed to consult a Board of Engineers, 
who would have told them not to use that engine, it would be 
an interesting historical statement. It would be of national 
benefit, I think, if that historical statement could be made and 
given to city councils in other cities to show them what low 
economies they were likely to make if they did not call in 
boards of engineers to give them advice in regard to pumping 
engines. 

I would like also to ask Professor Thurston if he can tell us 
the limits beyond which we could use the Weisbach formula, 
and where the Francis formula ceases to be useful. ; 

Mr. H. H. Suplee.—In connection with this subject of the 
calibration of weirs I should like to eall the attention of the 
members to the very complete experiments made in France at 
Dijon by M. Bazin, because they explain to a large-extent the 
discrepancies which appear in weir tests. He found that the 
coefficient depended to a large extent upon the freedom with 
which the air was allowed to flow in behind the fall of water. 
In other words, if end boards were used to keep a parallel flow 
and were carried down so as to close the ends, preventing free 
access of air behind the fall, the coefficient was materially 
changed ; but that when there was free access of air the experi- 
ments gave very uniform results, and constant coefficients were 
obtained. He experimented on quite a large scale, and his 
paper has been translated by Mr. Trautwine, and is to be found 
in the transactions of the Engineers’ Club of Philadelphia. I 
think he uses the Francis formula; I am not quite certain. But 
he made a number of tests, and a large number of coefficients 
were determined, and he found that he could vary them very 
materially by simply offering the freedom of access. There is 
a suction which tends to draw air in behind the fall. Those 
who have been at Niagara Falls know what suction there is 
behind the fall there, and the same thing occurs to a greater or 
less extent in weir tests, and very materially affects the results. 

Mr. Kent.—Did not Francis point that out too? 


' a 298 TEST OF CENTRIFUGAL PUMPS AND CALIBRATION OF WEIR 
‘e 
= 
ye 
‘G 

4 


The test of July, 1893, the results of which are given in the paper, 


name of the contractors was the Courtright Machinery Company, 
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. 
Mr. Suplee.—To some extent, I believe. 


Professor Thurston—I should, myself, use the Weisbach 
formula from the limit zero, up, because if it is correct in large J 
values it cannot be very far wrong, I am sure, with small. 
Prof. Le. C. Carpenter.*—In reply to the request of Mr. William 
Kent, the author would state that the following facts in relation 
to the “ Undulating” pump were kindly furnished by John 
Ericson, City Engineer : 
“The pumps were contracted July 8, 1892, the work to be com- 
pleted by July 9, 1893, at a cost of $24,031 per set of two pumps. ' 
The engineer for the contractors was Henry Walsh ; the official a 


with works at South Haven, Michigan. The contract called for 
four sets of Courtright Undulating Sewerage Pumps with a 
capacity, when engine was running 100 revolutions per minute 
at 90 pounds steam pressure, of 25,000 cubic feet per minute 
against a 6-foot head per set of two pumps, or 20,000 cubic feet 
per minute against an 5-foot head. Pumps and engine were to 
pump quantity as stated, and contractors were to keep them in 
prime condition (repairs on account of ordinary wear and tear 
excepted) for a period of twelve months after final acceptance. 


prove the pumps unsatisfactory in all respects, making it neces- 
sary to take them out and replace the old ones in the latter part 
of 1893.” 

In the settlement of the dispute connected with the failure to — 
meet contract requirements, the author was informed that the 
contractor claimed that his failure to obtain the guaranteed 
capacity was largely due to the fact that the engine made only 
41.4 revolutions per minute instead of 100, as required by the — 
contract, entirely overlooking the fact that this low speed was 
due to the overloaded condition of the engine. The test shows 
an efficiency of about 13 per cent. less than obtained at best speed 
with the centrifugal pump; this serves to show the impossibility 
of securing the required power from the engine in the station to run 
the pair of “ Undulating” pumps at 100 revolutions, since it was 
barely able to move the pair of centrifugal pumps at that speed. 

There seems to be little evidence as to the methods brought to 
bear upon the Chicago City Council in 1892 to obtain a contract, 


* Author's closure, under the Rules. 
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but it is quite probable that, had it not been for a change in city 
administration and city officials between the time of letting the 
contract and the completion, the mistake might have been greater 
and all the centrifugal pumps at the Bridgeport Station replaced 
by the “ Undulating” or Courtright pump. 

During the time of the test the pumps were running irregu- 
larly and only at part capacity, and Chicago River became so 
foul in consequence as to excite considerable attention from the 
residents and newspapers. The steamboat lines having their 
docks near the mouth of the river complained bitterly of loss of 
business because of the unbearable stench, and threats were made 
that an injunction would be obtained restraining the construction 
of the weir and the completion of the test. For these various 
reasons the construction of the weir was rapidly pushed to com- 
pletion and the test continued night and day until finished. The 
weir was then blown out of place by dynamite, and the pumps in 
the station started at full capacity. This partial stoppage of the 
sewage pumping station indicates the vital importance of the sta- 
tion to the health of the city. 

In relation to the discussion by Mr. S. McElroy, the autho 
would say that the writer is under obligations for the concurrent 
facts which are given and which tend to establish the fact that 
long weirs have greater coefficients of flow than short ones. 
This is doubtless due to the increased strength of the central 
current, and this, in turn, is probably due to the greater suction 
at the centre of the weir. In a long weir all the air beneath the 
overfall must enter at the ends, and although in the weir in 
question the end space was of no little magnitude, yet it is quite 
possible that the atmospheric pressure directly beneath the centre 
of the overflow may have been sufficiently less than that at the 
ends to make a virtual increase in the head at the centre. 
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REDUCTION IN COST OF STEAM POWER FROM 
1870 7'O0 1897. 


(Member of the Society.) 


In the year 1870 the most economical steam engine in use in 
mills was the Corliss simple condensing engine, which used nine- — 
teen or twenty pounds of steam per horse-power per hour. 
Previous to that time compound engines had been used in Eng- 
land in mill practice, and simple engines had in many cases 
been changed to compound. In this country compound pump- 
ing engines had been used to a very limited extent, notably the 
Worthington direct-acting tandem duplex compound, the first one 
of which was put in at the Charlestown, Mass., water works in 
1863, and the installation of the Morris engine at Lowell and 
the Leavitt engine at Lynn are well-known examples of them in 
the early part of the period which we are considering. The 
Lowell engine was of the Simpson type, so named from the 
Simpsons, of London, who originated the arrangement of two 
compound cylinders with different lengths of strokes under one 
end of a beam. It is known as the Morris engine from Henry 
G. Morris, the builder, but its design is due to the late Robert 
Briggs, of Philadelphia. 

The Pawtucket pumping engine, built by George H. Corliss, 
and started on June 30, 1878, is another important example of — 
economical pumping engines, and probably was the. most eco- 
nomical steam engine which had been built up to that time, 
having used less than 14 pounds of dry steam per indicated 
horse-power per hour. 

While these engines are not mill engines, they influenced the 
ractice of builders of mill engines, and can properly be consid- 
‘red with them. Pumping engines have heretofore been the | 


* Presented at the New York meeting (December, 1897) of the American Society 4 
of Mechanical Engineers, and forming part of Volume XIX. of the 7ransactions, 
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leaders in economy, but at present the best pumping and mill 
engines are practically equally economical 

Of course, the greatest single step in economy was the intro- 
duction of the compound engine. 

At the present time we may cite the Louisville pumping en- 
gine and several mill engines, one or more at Grosvenor Dale, 
Conn.; Natick, R. L; West Boylston, Mass.; Berkley, R. 1., and 
Lawrence, Mass., as being about on a par, and representing the 
best commercial economy. 

In 1873 the most economical compound engines used about 
163 pounds of steam per indicated horse-power per hour, as 
shown by tests of the Lynn and Lawrence pumping engines, 
which then established new records for duty. Improvements 
in methods of using steam were made until it is now as easy to 
design an engine to use less than 13 pounds of feed water per 
horse-power per hour as it was to use as little as 16 pounds in 
1575. 

At this date steam jackets were common, and were used in all 
engines which gave the most economical performances. The 
steps, however, that lowered the steam consumption of com- 
pound engines from 16 pounds to 14 pounds per indicated horse- 
power per hour were largely the introduction of a cut-off on the 
low-pressure cylinder and a reheating receiver between the cyl- 
inders. Although the reheater was invented by the late E. A. 
Cowper, of London, in 1562, so far as I know, it was first used in 
this country by E. D. Leavitt in his engines for the Calumet & 
Hecla Mining Co., and is regarded by him as one of the most 
important causes of the economy of his engines. 


These features appear to have been the principal means of 
lowering economy to 14 pounds of steam; but to what are we to 
attribute the step to 13 pounds? Clearance is well known to 
be an important factor, and its reduction, especially in the last 
cylinder of a series, is important for economy. It is receiving 
constant attention from careful designers, and its reduction is a 
constant source of gain. | 


The 15-pound mark has also been reached by an increase in 
steam pressure with resulting increase in the number of*expan- 
sions. In some cases a reduction in the size of the high-pres- F 
sure cylinder has doubtless contributed toward economy, by 
means of which smaller surfaces are exposed to the boiler steam 


than would otherwise be the ease. This carries with it a pro- 
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portional reduction of initial condensation in the cylinder which 
is most prolific in this cause of waste. 

Still further, the 13-pound mark has, in general, been attained 
by engines which have a low-pressure cylinder larger for the 
work to be done than is commonly the case, so that the mean 
effective pressure referred to the low-pressure cylinder is in 
the vicinity of 21 pounds. There are occasional exceptions, 
as in the case of the Louisville engine, which worked with a 
mean effective pressure referred to the low-pressure cylinder of 
25 pounds. Such cases are exceptional, and their economy can 
be attributed to great perfection of detail. 

It will in general be observed, however, whatever may be said 
of other causes, that most of the extreme cases of economy are 
those in which a good vacuum has been maintained. This leads me 
to say that the importance of good vacuums is often not appre- 
ciated, and that air pumps and condensers are as often too small. 

There is a strong tendency nowadays to underrate steam — 
jackets, but I believe that in every case where they have been | 
wasteful, or where their economy is indifferent, at all events — 
with ordinary speeds, an examination would show that the 
jackets are air-bound, water-logged, blowing through traps, or 
that the jacket piping is bare, and thus steam for heating the 
_ building is charged to the engine. Such an arrangement of pipes 
can furnish but indifferent material for giving up latent heat to | 
the working fluid within the cylinders, and is, in fact, absurd. 

The effect of reheaters in drying out steam which issues from — 
a preceding cylinder and in superheating it to 60 degrees or 
%) degrees, as is often the case, for use in the next cylinder, 
cannot be otherwise than advantageous, for, as Professor Thurs-— 
ton shows in his paper of 1894 before this Society, heat so 
added to the working fluid saves much more steam than was con- 
densed to liberate this heat. 

While these considerations are very general, they are neces- 
sarily so, for nobody can attribute to any one of the features 
named its proper effect. Moreover, their combinations are very 
varied. 

Whatever may be said pro and con on this subject, it cannot 
be denied that the best results have been obtained from engines 
‘quipped with jackets and reheaters. 

Considering economies effected, it is safe to say that, without 
-ucluding triple-expansion engines, steam economy has steadily 


é 
| 


804 REDUCTION IN COST OF STEAM POWER FROM 1870 TO 1897. 


decreased from 20 pounds to 12} pounds per indicated horse- 
power between 1870 and 1897. This corresponds to a saving of 
20 — 123 
20 
Within this period of twenty-seven years the use of exhaust 
steam has extended in various mills, such as cotton, woollen, 
and paper mills, so that in some mills the cost of steam power 
is next to nothing. 

Economies of this kind are not confined to the use of the ex- 
haust of non-condensing engines, for since 1895 the writer's firm 
has had installed at the Washington Mills, Lawrence, Mass., a 
large surface-condensing vertical compound engine, the rejected 
heat of which is utilized. In this mill large quantities of warm 
water are used in the dye-house, which has heretofore been 
heated by exhaust and direct steam. Now the circulating water 
of the new engine is sent from the condenser to the dye- 
house by the circulating pump at about the temperature re- 
quired. In this case the rejected heat of the engine is just as 
effectively used up as it would be if the engine were non-con- 
densing and sending its exhaust to the dye-house. There are 
advantages, moreover, in the compound surface-condensing en- 
gine, for there is less rejected heat to use, with consequent dimin- 
ished chance for waste, and there is less heat lost by radiation 
from a pipe full of warm water than from one full of steam. 
This constitutes one of the latest forms of recent economies. It 
may be mentioned incidentally that by the surface-condensing 
engine, oil is kept out of the dye-house and away from the cloth. 
The air-pump discharge, being small in volume, and containing 
all of the cylinder oil, can be easily taken care of in any way 
which appears to be advantageous. 


= 87} per cent. 


What is there to be said concerning boilers within the period — 
that we are considering ? 

The horizontal return tubular boiler is still the standard * 
the country, and will probably so remain. It is cheap, and, : 
properly built, it is safe. As its tube-heating surface can be— 
effectively blown with steam with the certainty that the jet will 
strike every part thereof, and as, furthermore, its tubes can be 
effectively scraped at any time without taking the boiler out of 
service, it must necessarily be more economical than any of the 
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numerous water-tube boilers which are now being introduced. 
The fire surfaces of the latter can only be indifferently blown, 
and they cannot be scraped at all unless the boiler is cooled 
down, and in general it cannot then be done with anything ap-— 
proaching thoroughness. 

There is scarcely any improvement to be noted in the hori- 
zontal return tubular boiler during the last twenty-seven years 
as far as economy is concerned, but I believe that grates have 
been improved to a measurable extent, resulting in an economy 
of perhaps 2 per ce »nt. 

My own experience teaches me that the internally fired boiler, 
eithér of the locomotive or vertical type, will save under equal 
conditions some 7 per cent. of coal compared with the horizontal 
return tubular boiler, besides causing an important economy in 
doing away with brickwork. 

Mr. Bryan Donkin, in a recent paper before the Institution of 
Civil Engineers, in discussing boiler economies, says: “ Gener-— 
ally speaking, internally fired boilers give a higher efficiency 
than those externally fired. The old and well-known locomotive 
type, with smoke tubes and induced draught, stands high as a 
very economical steam generator.” Such praise from so careful 
an investigator as Mr. Donkin should carry great weight. 

Within twenty-seven years economizers for heating feed water — 
in smoke flues have become common. Although subject to a 
rather large depreciation, in the general case they will save 
about 7 or 8 per cent. of coal. 

There are economies to be obtained from the use of vertical a 
engines. These come from reduction of friction, reduction of an 
repairs to cylinders and pistons, and diminished cylinder oil © 
consumption. It would not surprise me if there were a net — 
saving of 5 per cent. by reduced friction of a vertical compound | . 
compared with a horizontal engine. . 

Summing up the various items that have been mentioned, the | 

following may be presented as the economies of the period from — 


Saving due to compounding, jackets, reheaters, higher 
pressures, and greater expansions 

Due to vertical engines. . . 

Due to vertical internally fired boilers................ 


Due to economizers. . 
Due to improved grates 
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As these economies could not be simultaneously applied to 
the original condition of a mill, their sum is not a result which 
could have been realized in any case. 

With these important economies having been brought about 
during twenty-seven years, the question arises, Are there any 
compensating disadvantages ? 

It is easy to show that there are not, for— 

First. The first cost of a cross compound condensing engine 
is no greater than that of a pair of simple condensing engines 
twenty-seven years ago, on account of improved tools and 
processes and reduced prices of materials. EY 

Second. Interest charges are less than they were twenty-seven 
years ago. 

Third. The depreciation of engines is less than it was twenty- 
seven years ago, on account of better materials, better workman- 
ship, better oil, and better means of applying oil. Vertical 
engines will render the depreciation of cylinders, pistons, pis- 
ton rods, piston-rod packing, and crossheads less than similar 
parts in horizontal engines. 

Fourth. The reduction in the number of boilers requirea by 
some 33 per cent. for a given power within twenty-seven years 
carries with it many reduced charges, such as first cost, interest, 
repairs, depreciation, insurance, taxes, cost of boiler-houses, cost 
of attendance, and various lesser items. 

Fifth..Present boiler-building practice is superior to the old, 
so that high pressures are now as safely and comfortably car- 
ried as the lower pressures of 1870. Better materials, longer 
plates, and fewer joints, butt joints of high efficiency and main- 
taining the circular form with changes in pressure, drilled holes, 
hydraulic riveting, and round-tool caulking render it as safe to 
earry 200 pounds or more as any lower pressure. 

Sixth. I might include reductions in cost due to handling coal 
by conveyers for large plants and by mechanical stokers. Con- 
veyers are in some cases very economical, but mechanical 
stokers are of doubtful value, speaking generally. The greatest 
efficiency of the conveyer is to be found in connection with the 
mechanical stoker. 


So far the only steam engine considered is the compound 
engine. This engine has recently been found capable of utiliz- 
ing the higher pressures much more economically than was for- 


merly suspected. It has therefore diminished the advantage of 
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the triple-expansion engine to such an extent that the latter has 
met with something of a setback. I believe, however, that the 
triple engine is still to be common when pressures begin to ex- 
ceed 160 pounds of steam, and its undoubted advantage at sea 
gives evidence that it will be no less on land. Within a year or | 
two an interesting and instructive comparison can be made be- © 
tween two pumping engines, one compound and one triple, both — 
to use 185 pounds of steam and designed on the same lines by © 
Mr. Leavitt. 
It seems probable that the relative economies of the compound 
engine, using 160 pounds, and the triple, using 185 pounds of 
steam, are to-day represented in the very best practice by 12} 
pounds of steam and 11} pounds of steam respectively per 
indicated horse-power per hour. This corresponds to a saving 


124-11} 


of 121 = 8.16 per cent., which is a paying saving. 


Very careful attention should be paid to the kind and con- 
dition of steam valves used in engine cylinders, for leaky valves 
can readily nullify the advantage which may be derived by any- 
thing which can be done to contribute to economy in the general i 


design. 
The future, so far as we can now see, offers us highly super- 
heated steam for further means of economy. The technical 
_ papers have frequent accounts of the use of such steam in Ger- 


show that a small Schmidt “ motor” has used 10.17 pounds of 
steam per indicated horse-power per hour. It would seem that 
we have a right to anticipate in the early future a steam rate 
_ of 10 pounds by means of superheated steam in the best designed 
engines. Compared with the lowest rate thus far mentioned, 
11}—10 
11} 
We have also in anticipation the use of very high steam pres- 
sure and quadruple-expansion engines as built experimentally — 
at Cornell University and described by Frofessor Thurston _ 
last year before this Society. If, however, steam can be so_ 


highly superheated that expansion in one cylinder will not cause 
condensation, nor even the saturated condition until the time of | 


exhaust, as was the case in the Schmidt motor, extreme econ-— 
omy may be obtained without resort to the multiple-expansion _ 
engine. 


this corresponds to a saving of =11.11 per cent. 


4 
| 
| 
| 
4 


The economies thus far mentioned relate to improvements in 
engines and boilers ; but one of the greatest economies results 
from the low cost of coal at present in Lowell, Lawrence, and 

similarly located towns. 
The prices of coal in these places every five years were as 


follows: 

Year. Price. Kind of Coal, 


. Bituminous, 


These prices show a saving from 1870 to 1895 by themselves > 
of about 46 per cent. 
I shall now consider the actual figures making up the cost of 
a mill steam plant, and its cost of operating, say, of 1,000 horse- 
power in most mill towns in the State of Massachusetts away 

from tide-water. 

The very best steam plant of this power twenty-seven years — 
ago, including a pair of simple condensing engines using 20 
pounds of steam, boilers evaporating 8 pounds of water on total 
coal used, buildings, chimney, and all accessories, cost $70) 
an indicated horse-power. 

The fixed charges on such a plant were interest at 6 per cent., 
depreciation at 4 per cent., repairs at 2 per cent., insurance at 1 
per cent.; or a total of 13 per cent. 


a Coal at 2.50 lbs. per I.H.P. per hour, @ $7.10 a ton, 
2.50 Ibs. x 10 hrs. » 808 days x $7 10 
2,240 
(3 day men @ $1.50) $6 x 308 
_ Attendance, boilers (1 night man at $1.50) 1,000 


= _ {1 engineer @ $3.00) $5 308 
Attendance, engine accistant (a $2.00) 1.000 = 


aes waste, and supplies 


The very best plant of 1,000 horse-power can be installed to-day 
complete, including buildings, chimney, compound engine using 


12.5 pounds of steam, boilers ev: poreing 9 pounds of water on 
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total coal used, economizers, and all accessories, for $57 per 
indicated horse-power. 

Such a plant can run on 1.4 pounds of coal per indicated 
horse-power per hour for total coal consumed. 

The fixed charges are interest at 5 per cent., average depre- 
ciation 34 per cent., repairs 2 per cent., insurance and taxes 1 
per cent., or a total of 114 per cent. 

} per cent. of $57 is...... : 
at 1.4 Ibs. per LU. P. per 
1.4 «10 x 308 x $3.85 


2 day men @ $1.50 $4.50 308 
1 night man (@ $1.50 1,000. 


\ 1 engineer @ $3.50 $5.50 x 308 
assistant $2.00) 1,000 


Attendance, boilers * 


Attendance, engine , 


Oil, waste, 


$17.84 
$70 —$57 


Saving in 27 years in first cost, ~—.)—-= 18.6 per cent. 
> ‘ 


$38.14—$17.84_ 


Saving in 27 years in operation, 38.14 


53 per cent. 
On the supposition that superheated steam can reduce the 

- steam consumption to 10 pounds per indicated horse-power per 
hour, and that the combined efficiency of boilers and econo- 
- mizers is not affected thereby, the cost of installation of 1 
 horse-power can still be taken at $57. 
The cost of coal per I.H.P. will be: 

1.11 Ibs. x 10 hrs. x 308 ds. x $3.85 _ 

2,240 

Other charges will be 


Total... 


This makes a saving of yearly charges, compared with 
$17.84—$16.31 
$17.84 
Some actual costs of a yarn mill in Massachusetts oan in 
1889 are as follows: 


Cost per H.P. of engine (compound) ..........5.++00+6- $60.50 
Total coal burnt per year 2,674 tons, 
Total coal burnt for power, heating mill, and banking 

fires, per I.H.P. per hour 
During the six months when no heating was done, the 

coal used per I.H.P. per hour was... 


- 84 per cent. 


best present plant, of 
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The cost of operating a horse-power per year was as follows, 
assuming 11} per cent. fixed charges : 


a Total cost of plant, $66,600, at 114 per cent ...... eoeee $7,659.00 
Coal, 2,674 tons, at $4.75 per ton........... Ba, 
Attendance $8.85 a day x 308 days........ 
Average horse-power per year. 1,182 1.H.P. 
Cost corrected for coal used in heating mill...... $20.01 


The following figures were given in the Engineering Record 
for March 14, 1896, for the Stevens linen mill, Webster, Mass. 
The engine is a compound, and was indicated morning and 
afternoon every working day throughout the year, and the coal 
is that used for all purposes throughout the year. 


1893. 1894. 1895. = 
Average I.H.P. for the year, 381 393 396 
hours 1,042,221 893,792 1,076,134 
Coal, Ibs. 1,831,700 1,493,243 1,775,720 
Average coal per I.H.P. per 
hour, Ibs. 1.76 1.67 1.65 


In order to place them in the pages of the Transactions of the 
Society, and as illustrating a recent steam-engine performance, 
I add the results of two trials of a high-class steam engine built 
within the last year. Considering the steam pressure used, it 
is the best performance of which I know. 

The engine is at the mills of the Atlantic Cotton Mills. 
Lawrence, Mass., and the trials were made on February 17 
and 18, 1897, by the writer. 

The engine was built by the McIntosh & Seymour Engine 
Co., of Auburn, N. Y., and is a vertical cross compound, having 
its shaft a part of the water-wheel shaft. It is provided with 
gridiron inlet and exhaust valves on both cylinders, and auxiliary 
cut-off valves of the same kind on both eylinders. The valves 
have positive motions throughout, and the points of cut-off are 
determined on both cylinders by a shaft governor. 

The high-pressure cylinder is jacketed throughout by steam 
of boiler pressure, and there are reheating coils in the receiver, 
through which live steam of boiler pressure circulates. The low- 
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pressure cylinder is unjacketed. During both tests the con- 
densations from the jacket and reheater were weighed together 
on platform scales, the amounts of which are stated below. 

~The temperature of the condensation was determined some 30 
feet from the reheater. The boilers supplied steam to nothing 
but the engine. 

A feed-water heater was placed in the low-pressure exhaust 
pipe near the low-pressure cylinder, and the temperatures of 
the water, as it entered and left, were taken for the purpose of 
the information gained thereby, although it had no relation to 

the contract for the engine. For the same reason the jacket 
and reheater condensations were determined. 

The feed water was weighed on accurate scales by an expe- 
rienced man. 


The indicator springs were tested under steam on the govern- 
ment apparatus at the Brooklyn Navy Yard. 

The engine was taken in its every-day working condition, and 
the results are, so far as I can see, being duplicated in regular 
operation. 


After the trial the diameters of the cylinders, while hot, were 
measured and the lengths of the strokes determined. 
In the table it will be noticed that the temperature of the 
‘injection and feed waters is stated as 32 degrees Fahr. While 
this is unusually low, it was determined by five different high- 
grade thermometers, all of which gave the same result. As 
the water in the river and canal, from which these waters came, 
was covered with ice, its temperature must have been almost 
exactly 32 degrees. 
The following are the leading dimensions of the engine, and 
result : 


DIMENSIONS OF THE ENGINE, 


‘Diameter of the high-pressure cylinder 24.081 in, 


‘high ‘piston 

Ratio of piston areas........ 

Stroke of each piston hima 48.00 in. 
Revolutions per minute...... er ... about 100 revs, 
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RESULTS OF TRIALS. 
1st Trial. 2d Trial. 
5.079 hrs. 5.583 brs. 
100.704 revs. 99.633 revs. 


Of external air 37 deg. 42 deg. 
engine room 65 65 


steam near high-pressure cylinder 5 371 
jacket and reheater 841 
injection water 32 
condenser discharge..............6. 5 66 
feed water before entering heater........ 2 82 
after leaving 101 


AVERAGE PRESSURES. 
14.67 lbs. 14.62 lbs. 
123.00 123.00 
137.62 


phere from indicator diagrams................ 10.00 14.50 
initial in the low-pressure cylinder absolute 
. Vacuum by test gauge 28.00 in. 27.10 in. 
. Mean effective pressure in high-pressure cylinder. 33.69 Ibs. 43.92 lbs. 
reduced to low-pressure 
cylinder 19.61 24.89 


SUPERHEAT. 


. Superheat near high-pressure cylinder 7.5 deg. 
ae ae low ce ‘ 74 


POWERS. 
Power developed by high-pressure cylinder 365.2 H. P. 470.6 H. P. 
. Total horse-power....... 58. 1,076.4 
. Per cent. of power developed by high-pressure 
cylinder 
. Per cent. of power developed 
cylinder...... 
STEAM USED BY THE ENGINE. 
. Total weight used by engine, jacket, and reheater 56,271 lbs. 76,662 lbs 
per hour 18,731 ‘ 
. Total weight used by jacket and reheater... 7,475 “ 
32. Per cent. of jacket and reheater steam to total used 10.4 9.8 
33. Actual weight of total steam used per LIP. 
per hour 13.01 Ibs. 12.76 Ibs. 
84. Do. corrected for superheat. 


2. Number of revolutior 
“ an 
12. Of atmosphere by bai 4 
13. ‘* steam at engine b 
4 
> 
} 
21 20 deg. 
» 
— 
A 
2 
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The results on the two days furnish some interesting data in 
relation to the falling off in economy of a compound engine when 
it is underloaded. Taking the results of the second test as a 
standard, the load on the first day is 20 per cent. less, while the 


steam consumption is but slightly over 1 per cent. more. 


3 
SAVING BY THE FEED-WATER HEATER. 

The average increase in fee:l-water temperature caused by the 
heater, for the two days is 65) degrees, which, under the present 
conditions of temperature and steam pressure, is equivalent to a 
saving in coal of 5.6 per cent. 

The following table gives the rate of heat transfer from the 

steam to the water : 
Ist Trial. 2d Trial. 
Temperature of water before entering heater......... 32 deg. 32 deg. 
after leaving { 101 
Increase in temperature of water me? 69 
Average temperature of water in heater 66.5 
Absolute pressure in low-pressure exhaust pipe 87 Ib. 1.36 Lbs. 
Corresponding temperatures exhaust pipe sesinshes deg. 111 deg. 
Average difference of temperature between steam and 
water 44.5 
Feed water used per hour... 11,167 lbs. 13,781 Ibs. 
Heating surface of heater in contact with steam 234sq. ft. 234sq. ft. 
Amount of heat transferred per hour, B.T.U 692,354 ae 
Heat transferred per degree of average difference in 
temperature per square foot of heating surface per 


hour, B. T. U 


DISCUSSION. 


Prof. R. H. Thurston—I am greatly interested in this paper, 
not simply as giving us what is always interesting to the engineer, 
a history of the evolution of the later forms of engine, but in its 
comments upon the methods by which the gain noted has been 
brought about. On these points I would like to say a word and 
to ask a question. 

Speaking of the “reheater,’ * the writer of the paper states 
that it is considered by makers “ one of the most important causes 
of economy.” It is true, as he further says, that I have shown, 

* First employed in this country, I think, by = H. R. Worthington about 
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or tried to show, that reheating which results in moderate super- 
heating should prove economical by saving “much more steam 
than is condensed”’ to liberate the heat so applied. But where 
the reheater does not superheat, there is, at least, some question 
whether it does not waste heat and steam rather than economize. 
I have always assumed that the reheater is a good thing to 
introduce in all high-expansion engines; but my attention has 
recently been called to the fact that this is not necessarily, and 
often may not be, true. 

I have lately been induced to revise the subject and to reéx- 
amine the records, so far as published, and am beginning to 
think that these accessories may even do measurable injury to 
the efficiency of the engine, if not so made and proportioned and 
connected as to insure superheating. Here are some of the facts : 

With light loads, as from 30 per cent. of rated load downward, 
jacketed receivers may show some advantage, but from 50 per 
cent. upward, it is decidedly a wasteful arrangement in the cases 
‘which I have especially noted. 

In a paper on performance of Sibley College experimental 
engine by Professor Carpenter (7’ransactions A. S. M. E., vol. 
xvi., pp. 913-961) the tests have shown (p. 928) that jackets of 
high-pressure cylinder and receiver, at loads of 34 horse-power 
and over, increased steam consumption from 5 to 124 per cent., 
according to magnitude of load, where the maximum load was 
about 100 horse-power, and the proper rating not less than that 
figure. As the cylinder jacket is known to at least do no harm, 
the waste must, it would seem, be due to the receiver. 

In Transactions A. 8. M. E., vol. xiv., at p. 383, are Professor 
Peabody’s figures for the engines of the Mass. Inst. Technology, 
practically duplicates of the Sibley College engines. The increase 
of consumption of steam seems to be about 2 per cent. with 
steam in receiver jackets. 

In Transactions A. S. M. E., vol. xv., in one of my own contribu- 
tions, is the statement of results of test of a French compound, 
showing a loss by use of the receiver of from 0.15 to 0.27 pound, 
per indicated horse-power per hour, on a total consumption of 
from 13.86 to 14.55 pounds. 

The area of reheating surface in standard practice ranges, ir 
compounds, from about 0.10 to 0.05 of a square foot per pound 0! 
steam passing through them. It should be greater with com 
pounds than with triple-expansion engines, and greater in the 
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first than in the second receiver of the latter, on account of i: 
smaller temperature in the first: receiver. 
Here are the results of test of a small experimental engine, . 
lately made to secure some facts bearing on this question : f 
TESTS ON THE CORLISS CROSS COMPOUND, 
SIBLEY COLLEGE, November 18, 1897. 


Steam Pressure, 120 pounds. Vacuum, 25inches. Revolutions, 87. 


es sa ~ nak 
H.P.| Rec. | L.P.| © 
I. Unjacketed ........ 1146 1146 70.64 65.77 16.223 17.425 
II. Receiver Jacketed.. .... | 184.112 .... 1146 1280.112 70.75 65.87 18.098 19,434 
Ill. H. P. Jacketed..... 72.339 1077.213) -1149.612 70.73 65.85 16.253 17.457 
IV. All Jacketed....... 58.380 120.787'71.801 989.160 1240.128 70.99 66.09 17.469 18.764 
ORDER oF Economy : 
18.093 


These comparisons are evidently conclusive for this size and 
style of engine, not necessarily so for another size or style or 
proportion. The work was performed, in this case, by experts 
thoroughly familiar with the engine, as well as with the laboratory 
methods of exact measurement. 


| 


earlier date, and with a poorer vacuum : 


Steam Pressure, 120 pounds. Vacuum, 23inches. Revolutions, 87. q = .% 


JACKET WATER PER HR. LBs. 
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Here are other figures from the same source, obtained at an 


Tests oN Cross Compounp ENGINE. 


SIBLEY COLLEGE, November 8, 1897. 


| 
| 


Cond. Total | per 
Steam | > > H. P. 
HP. 1. 2. per hr. perhr. | D.H.P.| I. H. P. per hr. per hr. 
cyl. Rec. | Cyl. Ibs. lbs. | Ibs. lbs. 
I.—Jacketed throughout. 
2.41 | 119.44 | 100.46 | 1021.26 | 1308.57 66.16 | 71.06 19.552 | 18.203 
13 | 92.68 | 84.30 | 1034.16 | 1260.27 | 67.48 | 72.48 18.676 | 17.387 
.85 98.82 91.56 922.50 | 1178.73 | 60.78 | 65.29 19.311 | 17.979 
.26 | 82.11 74.29 941.76 | 1164.42 | 63.48 | 68.18 | 18.343 | 17.077 
.84 |} 98.80 66.98 902.28 1128.90 62.04 66.64 18.196 16.941 
.16 | 102.79 93.20 971.40 | 1226.55 | 65.87 | 70.75 | 18.621 17.336 
.96 | 107.17 96.45 | 1037.70 | 1808.28 | 71.38 | 76.67 18 258 | 16.998 
105.56 84.33 | 1024.98 | 1268. 70.79 18.958 
IT.—Receiver and Low-Pressure Cylinder Jacketed. 
| 
| 82.57 839.28 1020.04 | 51.04 54.82 19.985 18.606 
eee | 123.63 | 118.08 990.06 . 1231.72 | 60.78 | 65.29 20.265 | 18.867 
126.76 95.49 1015.92 | 1238.17 | 68.25 | 67.94 19.576 18.2385 
116.61 98.75 | 1018.82 | 1229.32 | 62.06 66.66 19.809 18.442 - 
36 91.56 | 922.98 | 1182.90 | 56.03 60.18 20.219 18.824 
IlI.—Receiver only Jacketed. 
185. 1127.04 | 1262.73 64.88 69.69 19.462 | 18.122 
153.40 1144.02 | 1297.42 | 66.18 71.09 19.605 | 18.252 
141. 1191.60 1333.28 66.23 20.131 8.742 
IV.—Unjacketed. 
997.26 997.26 | 55.49 59.60 17.972 16.782 
eee 1072.98 | 1072.98 | 60.96 65.48 17.765 16.539 


Expansions, 15 to 17. 
Reynolds-Corliss engine, 9’ and 16’’ « 
Best results in previous trials with compound unjacketed throughout, 16.41. 
With high-pressure cylinder and receiver jacketed: 18.03. 
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In this case the engine is small, the external heat-radiating 
areas large, and the initial condensation large. It does not at 
all follow that, with larger and better proportioned machines, 
these deductions may not be entirely reversed, as, indeed, they 
have actually been in the practice of some of our most successful 
engineers. We'must assume that they have found themselves 
justified in this practice by experience, and that they have exact 
determinations of gain upon which to base their conclusions and 
by which to justify their use of the reheater. I am just now 
seeking facts from all sources relating to this matter, and shall 
be glad to get such as Mr. Dean, and others familiar with such 
work, can give me. 

I, as one particularly interested in this subject, am glad to 
learn what Mr. Dean considers the characteristic features of later 
construction and to what he attributes the great gain of the last 
twenty five or thirty years. I deduce from his paper that, aside 
from improved constructions, the following contribute: high 
steam, good vacuum, large expansion ratios, small clearances, 
dry steam, and, if practicable, superheating, including the use, 
for the latter purpose, of the reheater and the steam jacket. The 
question of the jacket is, I think, pretty well threshed out ; that 
of the reheater remains to be studied. 

Readers of this paper would, I think, be glad to get further 
information relative to the utilization of rejected heat and steam, 
and its influence in reducing the cost of power. It is obvious 
that, where the rejected heat can be used for other purposes than 
the production of power, and purposes for which it has equal 
value, the cost of power becomes simply that of the mechanical 
equivalent of that portion of the heat which is actually trans- 
formed into mechanical energy, or, more correctly stated, the 
heat equivalent of the power actually derived from the steam. 
This, in turn, means the reduction of the cost of power to that 
of the case in which the engine has an efficiency equal to unity. 
This, again, corresponds, in most instances, to a consumption of 
not above two and a half pounds of steam per indicated horse- 
power per hour, and to the reduction of costs of power, net, to 
from one-fifth to one-eighth, or even, in the simple engine, to 
one-tenth, often, of the costs with unutilized exhaust. In such 
eases of complete utilization of the rejected heat, all engine 
economies, as those of condensation and high steam and expan- 
sion ratios, are entirely unimportant and even useless; 
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Is not the estimate of the gain to be anticipated, as an average, 
from raising the steam pressure from 160 to 185 pounds, large ? 
Taking it to be the fact that the later engines may be expected 
to utilize the higher pressures as completely as do the older 
machines the lower, the promise would be a gain varying about 
as the difference of the logarithms of the pressures, or, in this 
case, as between 12.25 pounds at 160 and 11.75 at 185 pounds 
pressure. 

It is suggested that superheating may tend to do away with 
the multiple-expansion engine. I have no doubt that this is 
true; but, at very high pressures, such as are apparently comin 
in the early future, we may, I think, expect the employment of 
both moderate superheating and multiple-ex;ansion, although 
superheating is certainly available for displacing this complica- 
tion of construction, if it can be employed without danger or 
deterioration of apparatus. Still, at very high pressures, there 
still remains the difficulty which Watt's first attempts at expansion 
met—the irregularity of load on the piston; and this may be the 
consideration then still justifying the use of two or more cylinders 
in series. 


Mr. William Kent.—I wish to express my appreciation of Mr. 


Dean’s paper as being a valuable contribution to the Zransac- 
tions. The discussion, I believe, will add to its value. The paper, 
so far as it gives new data, is very acceptable; but when the 
author expresses his own opinions, he is entering on dangerous 
ground. If any man expresses before this Society his opinion 
concerning boilers, he is likely to have some fault found with him. 
He is apt, moreover, to be quoted by some one in words like those 
in which Mr. Dean refers to Mr. Donkin, where he says: “Such 
praise from so careful an investigator as Mr. Donkin should carry 
great weight.” Some one hereafter may say : “Such praise of the 
tubular boiler from so careful an investigator as Mr. Dean should 
carry great weight.” Therefore, I think it well to place on record 
in the Transactions that Mr. Dean’s opinion is not the universal 
opinion. There are other engineers who think that the horizontal 
tubular boiler is used because it is cheap, and that as soon as 
people get rich enough to buy other boilers the horizontal tubular 
boiler will be less of a favorite than it now is. “The opinion that 
there has been no improvement in economy in the horizontal 
tubular boiler in the last twenty-seven years is probably true, ex- 
cept in that possibly Mr. Dean himself has improved the economy 
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of the tubular boiler in the one he recently put up at the Wash- 

ington Mills by putting in dampers and deflectors to cause al 
gases to flow more uniformly through the tubes. 

| Mr. Dean.—Those boilers have not yet been tested, but if 

everything goes well, they will be tested very soon. 

Mr. Kent.—Mr. Dean says that he believes that the grates 
have been improved to a measurable extent, resulting in an 
economy of perhaps 2 per cent. I wish to state that my belief 
is just the opposite—that grates have not improved to any extent 
in twenty-seven years. 

He says that his experience teaches him that the vertical in- | 
ternally fired boiler “will save under equal conditions some 7 
per cent. of coal compared with the horizontal return tubular _ 
boiler.” I think other people’s experience will show exactly the 
opposite of that; that horizontal tubular boilers are sometimes: 
giving 7 per cent. economy over the internally fired boilers. He 
says that the economizers will save 7 or 8 per cent. of coal. 
I think he is probably correct in that. There is usually a greater 
gain found in England, because the boilers there discharge the 
heat at greater temperatures, 

In regard to the vertical engine he says: “It would not sur- 
prise me if there were a net saving of 5 per cent.” by reduced 
friction as compared with the horizontal engine. It would sur- 
prise me greatly if there were such a large net saving. Doctors 
disagree on this point. . 


I have no criticism to make of the statement in the summary 
that there is a saving of 37 percent. due to compounding, jackets, 
reheaters, higher pressures, and gre: ater expansions. But “due 
to vertical engines five per cent.” I think is entirely too large. 
“Due to vertical, internally fired boilers 7 per cent.” I would 
reduce to zero, because any type of boiler whatever can be made 

to give about as good economy as any other type if you propor- 
tion it right and have all the conditions right. ‘“ Due to econo- 
mizers 7 per cent.’ I would let stand; and “ Due to improved 
grates 2 per cent.” I would reduce to zero. So that when a 
man expresses his opinion in regard to boilers in the Society, 
he is apt to find a difference of opinion. 

Mr. R. S. Hale.—Ou page 310 Mr. Dean speaks of a year’s 
record in which the engines were indicated every morning and 
afternoon. This method is slightly inaccurate, since the load 
just after starting and just before stopping is frequently irregular, 
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and often in a mill some particular machine may be on at, say, 
from 11 a.m. to 12 p.m. only, so that the cards may not give a fair 
average. There is a method used in one of the large New Eng- 
land mills which gets over this difficulty and which may be of 
interest. It is to take a card at 7 a.M. on one day, at 8 a.m. the 
next day, and one hour later each day until the time comes to 
begin again in the morning. In this way a set of 300 cards is 
secured, which fairly represents the average power of the engine 
during the year. 

Mr. James Christie—The advantage to be derived from re- 
heating in the receiver is still open to question, especially under 
conditions where the engine is at a considerable distance from 
the boilers, and the condensation in the reheater has to be wasted 
instead of being returned to the boilers. Appended (see Fig. 65) 
are given results obtained from carefully conducted tests on a 
compound engine, which indicate a loss by the use of a reheating 
coil, and may be of some interest for other reasons. 

The engine is a Greene tandem compound, with the well-known 
cut-off valve gear on both cylinders. Cylinders, 12 inches and 
22 inches diameters ; 42 inches stroke, running 115 revolutions per 
minute, and carrying on the main shaft the armature of a 200- 
kilowatt electric generator; also a 14-foot flywheel; the total 
weight supported being about 25 tons. The electric power dis- 
tribution was of an exceedingly fluctuating character, as indicated 
by the load diagram, on which the full line indicates I. IT. P. de- 
livered by the engine and the dotted line E. H. P. delivered by 
the generator. The exhaust was discharged into a surface con- 
denser. During the tests indicator cards were taken every five 
minutes, and readings taken simultaneously from ammeter and 
voltmeter, also from a recording wattmeter. The condensation 
from the condenser, from the receiver, and from a heater coil in 
the receiver were separately weighed. The engine was situated 
about 300 feet from the boilers, and the condensation from re- 
heater was wasted. The tests were repeated and the general 
results confirmed; as a consequence the use of the reheater 
was abandoned. The electrical energy was obtained frem three 
observations. 

The readings of ammeter and voltmeter were taken every 
minute, also every five minutes, corresponding to the moment 
when indicator cards were taken from the engine ; also the records 
of a wattmeter were kept, and these all agreed in a general result 
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of 86 to 87 per cent. of the indicated horse-power of the engine, 
the balance being principally absorbed in the friction of the en- 
gine, which was considerable, owing to the heavy load borne by 
the shaft. The large quantity of cooling water, shown in the 
first column, was passed intentionally for experiment. 

Its only practical effect was a reduction in temperature of the 


Tests oF 12 INCH AND 22 INcn By 42 INCH GREENE ENGINE AND 200 


KILowaTT ELECTRIC GENERATOR. 


} With Without | 
Heater Coil. Heater Coil. | 


Duration of Test.... hrs, 
Average H. P. M. of engine 
Average steam pressure 8. 2. lbs. 
Average receiver pressure 5.9 Ibs. 
Average vacuum in exhaust pipe near engine 
by gauge..... eae 25. 25. inches. 
Average vacuum in cylinder br card,..... 20.86 | 20.68 inches. 
Average initial pressure in IT. "P. cylinder...... 3. 194. Ibs. 
Average initial pressure in L. P. cylinder...... ; 5. Ibs. 
Average indicated horse-power : 180. 
Average ammeter reading (card intervals) 2 512. amp. 
Average voltmeter reading (card intervals) 223. 226.22 | volt. 
Average ammeter reading (4,800 observations). . 541.90 615.° amp. 
Average watts per hour by 660 ampere watt-| 
| 123,124 116,249 watts, 
H. P. by ammeter and voltmeter (card intervals) 164.169 154. 
H. P. by ammeter and voltmeter (4,800 observa-| | 
tions) 2.5 156.: 
H. P. by wattmeter 5.05 | 155.8% 
Average pounds of cooling water per hour......| 194,752 98,160 
Average pounds of condensed steam per hour 
from condenser | 3,562.00 3,317. 
Average pounds of condensed steam per hour 
from receiver 60.50 174. 
Average pounds of condensed steam per hour 
from heater coil 240.10 pasa 
Total water used by engine 30,902.311, 27,940.5 
Average temperature of cooling water before 
entering condenser. i 74. 72. 
Average temperature of cooling water after, 
leaving condenser 
Average temperature of condensed steam from) 
condenser. 
Average pounds ‘of water per I. H. P. per hour.. 
Efficiency of converting mechanical into elec-| 
trical energy by observations at card in- 
tervals... 86.90 
Efficiency of converting mechanical into elec- 
trical energy by 4,800 observations ........ 86.06 
Efficiency of converting mechanical into elec- 
trical energy by wattmeter reading. . “is 87.37 31 
Ratio of condensed steam to cooling water......| 54.67 tol | 29.60 tol 
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water condensed from the exhaust steam. As the power delivered 
by this engine is constantly fluctuating between 100 and 300 © 
horse-power, and the motor service comparable to that of an elec-— 
tric railway, with lines of steep grades, the steam consumption of 
i 19 pounds per horse-power is as high economy as could be eX- - 
| pected under the conditions of the service. . 
Mr. Wm. O. Webber.—I wish to call the attention of the mem- 
bers to the fact that, whereas Mr. Dean’s figures as to the cost of _ a 
steam-power are very interesting and valuable and no doubt 
absolutely true, his paper must not be misunderstood to say — 
that all steam-power, from no matter what type of engine and — 
size of plant, can be obtained at this same ratio. The figures 


7 which Mr. Dean obtains are all of them on large plants approxi- 
mately about 1,000 horse-power, and while it is undoubtedly true 
that these low costs can be obtained on engines of the sizes to 
which he refers, and there has been the large reduction of cost 
a which he states on engines of this type, there has not been the 


same ratio of saving regarding small plants excepting in so far as 
the use of cheaper grades of coal are concerned. 

I have recently had occasion to figure up the cost of steam- 
power in a number of small mills and factories using from 100 to 
200 horse-power, and find that the figures which I thus obtain 
check very closely the figures given by Mr. DeCourcy May in the 
paper submitted to the Society by him some years ago, and which 
I believe are very accurate. 

I would also submit a diagram (Fig. 65a) showing three curves 
plotted by Mr. H. A. Foster, being the results of figures by Mr. 
Charles E. Emery; my father, Col. Samuel Webber; Mr. R. 
Hale, and Mr. Charles T. Main, showing the charges, operating 
expenses, and total cost per horse-power for steam plants up to 
250 horse-power, which I believe very accurately represents the 
best modern practice, and from which it can be seen that the total 
cost of 50 horse-power is given as $100 per horse-power per annum 7 
100 horse-power at $65; 150 horse-power at $53 ; 200 eo : 

‘t $47.50; 250 horse-power at $40; 300 horse-power at $37.50 

{00 horse-power at $33; 500 horse-power at $30, and where the 
price of $25 per horse-power, which has been taken as the usual 
standard in late years, is only reached at 850 horse-power.* 


* These figures for costs below 300 horse-power being on simple high-pressure ; 
ngines ranning 10 hours per day, 308 days per year, and taking coal at three eG 
‘ollars ($3) per ton. 
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Some time in the future, when I have a larger collection of 
thoroughly reliable data, I propose to make a contribution to the 
Society of a paper giving the relative costs of small steam and 
water power plants ranging from 50 to 500 horse-power, to show 
what the actual conditions are, as this point seems to be very 
largely misunderstood by a great many engineers, so as to con- 
trovert the fallacious idea which seems to be accepted, that owing 7 
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to improvements in steam engines in the last few years that all 
steam-power, no matter of what size, is cheaper than water-power, 
which I do not believe to be the case. 

Mr. Allan Stirling.—The class of papers to which Mr. Dean’s— 
belongs is one of the most useful that is contributed to the — 
Society. A prominent specialist submits his experiences and 
opinions, which, when printed in the 7vansactions with the discus-_ 
sion, are very useful for reference. Especially is this the ly 
when the subject is steam-power, in which every member of this 
and kindred societies is interested. 

It was my privilege to read a paper on this subject at the first 
meeting of this Society. Messrs. Holley, Worthington, and 4 
Hoadley were present at that meeting. We can only look at 
their portraits now. Their places can never be filled. 
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In that paper the economy of steam at 300 pounds pressure and 
high rates of expansion was set forth, and, although we have not 
reached that point, we are approaching it and realizing to some — 
extent its advantages. Surface condensers on land were recom-_ 
mended, and attention was called to the waste heat in the hot 
well. It is interesting to note that Mr. Dean’s latest plans in- 
volve the use of surface condensers and utilizing the heat of the 
water of condensation. 

Mr. Dean advocates the use of vertical engines. The Burden 
Iron Company, with which I became connected in 1866, have 
always used vertical Corliss engines, and have never used any-— 
thing else in their rolling mills. 

Superheating the high-pressure steam before entering the first 
cylinder has not been generally used because of the ditticulty of | 
dealing with the combined high pressure and high temperature. — 
teheating between the cylinders has been proved to be both 
practical and economical. Probably the best results will be 
obtained at a pressure of 300 pounds per square inch in a three- 
cylinder compound, no superheating between boiler and engine, 
but reheating between cylinders so that the steam at the end of 
the stroke in the last cylinder will reach the point of saturation. 

But it is with boilers that I propose mainly to deal. In 1880 I 
advocated internally fired square boilers, with the braces grouped 
for convenient access. Square fire-boxes are now commonly used 
in locomotives, and Mr. Leavitt uses the square form and grouped 
braces, but Professor Peabody says that Leavitt's boiler is some-— 
what complicated in construction and staying, and must be 
handled with care, especially in starting, to avoid straining 
from unequal expansion. What Professor Peabody says of 
Leavitt’s boiler is true of all large internally fired boilers, and as 
it has been proved that they are less economical than externally 
fired vertical boilers, they have not been much used for stationary 
work where the conditions permit a choice. 

Professor Thurston * estimates that there is sufficient stored 
energy in a return tubular boiler to project it a mile high, and 
speaks of the “ admitted safety from destructive explosion” of 
water-tube boilers. Professor Hutton + says: “It is the safety 
of the sectional type of boilers which has given it its great devel- 
opment in recent years as the pressures of steam have been 
increasing.” 


Fel, p. 198. + Power Plants,” p. 452. 
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As generally constructed, return tubular boilers have rivetted 
joints directly over the fire, and even when the plates are made 
the whole length of the boiler, there is a rivetted joint in the 
back connection which is probably the hottest place of all. The 
flat heads necessitate stays, an element of boiler construction 
which is dangerous, expensive, and antiquated. The best water- 
tube boilers are now constructed wholly of curved surfaces in 
which stays are unnecessary, and the plates with their joints are 
entirely removed from the action of the fire. 

In a return tubular boiler steam is rising from every part, and 
there is no definite provision for return circulation. This is the 
reason why it cannot be driven hard, while boilers that have a 
free and clearly defined circulation can be driven very hard. 

Professor Hutton says of the return tubular boiler: ‘“ Access to 
some places is impossible.” This is a fatal objection because 
even good water contains lime salts, which gradually accumulate 
on the heating surface and must be removed, and access must be 
had to every part for that purpose. The use of live-steam 
heaters mitigates this to some extent, but their first cost is high, 
and they are wasteful of fuel at least to the extent of the radiation 
of the apparatus, and much time is consumed in removing and 
replacing the numerous bolts and the joints in the heads, and in 
removing, cleaning, and replacing the pans. Purifying in reser- 
voirs or tanks is little used owing to high first costs and other 
considerations. Soft, furry scale collects in all boilers and must 
be removed by mechanical means. Boiler compounds will not 
remove it, and it is too tough to be washed off even by a power- 
ful stream of water. The return tubular boiler being inaccessible 
for this purpose, must be less economical than those water-tube 
boilers in which access can be easily had to every part of the 
heating surface. Vertical bent water tubes entering radially 
into horizontal drums have been found by experience to be far 
and away the most convenient place to take care of the deposit 
from any kind of water. There are no stays to prevent ready 
access, and it has been demonstrated that the furry scale which 
collects in the tubes near the feed pipe can be cleaned by power 
apparatus very expeditiously and economically. The hard seale 
can be loosened by the judicious use of soda, and the loose scale 
and mud settle to the mud drum, and can either be shovelled or 
blown out. 

Return tubular boilers, in common with fire-tube boilers of 
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every description, marine, locomotive, or stationary, whether 
vertical or horizontal, have the great objection that one end of 

each tube is exposed to the most intense heat of the furnace or 
combustion chamber. This is one of the principal reasons why 
naval engineers have discarded the fire tube altogether, and why 
water-tube boilers are taking the place of fire-tube boilers for 
all purposes. 

Horizontal tubes require a lot of blowing to keep them clear of 
fire dust and soot, and to do this the boiler must be stopped, the 
doors opened, and each fire tube blown separately at considerable 
expense of strength and steam. In a madern water-tube boiler, 
when the tubes are vertical and in parallel rows, hundreds of tubes 
can be effectively blown by power apparatus without stopping 
the boiler and without opening a door, and in about the same 
time that it takes to blow one tube in a fire-tube boiler. 

The inside of fire tubes requires scraping, but the outside of 
vertical water tubes do not require to be scraped, because they 
can be reached and thoroughly cleaned by a well-directed jet of 
high-pressure air or steam. 

It is not surprising that many engineers prefer the return tubu- 
lar boiler, with all its faults, to a form of horizontal water-tube 
boiler which involves the use of two hand-holes for each tube. 
Each hand-hole has at least three pieces, and in order to get at 

boilers of this type for cleaning, these six pieces for each tube 
must be removed, cleaned, and replaced. Half of these hand-holes 
are in the back connection, which is the most disagreeable place 
in which a man can be put to work: his eyes, mouth, nostrils, and 
ears get filled with soot. It is impossible to tell that the numer-— 
ous hand-holes are tight until the pressure is applied, and then, if 
any leaks are found, the water must be let out and the leaks 
stopped. But the case assumes a very different aspect when the 
return tubular boiler is compared with the simple form of water- _ 
tube boiler, having vertical bent tubes and horizontal drums, in — 
which there are only two manholes to open and close (and no— 
hand-holes) in order to get at every foot of the heating surface for — 
cleaning, and which, in addition to this, possesses the following © 
advantages: No flat surfaces, and therefore no stays, no headers, 
sach tube having its own independent connection at each end to the 
drums; a mud drum removed from the action of the fire, but warm — 
enough to prevent rusting; a well-defined and thorough cireula- 
tion; the heating surface consisting only of tubes, and all plates, 
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with their joints, removed from the action of the fire so that no 
general explosion can occur; each tube bent to allow for expan- 
sion; the heating surface vertical so that flue dust, mud, and 
loose scale are removed by gravity, and thorough and prompt 
cleaning of soot and tough scale from every tube by simple power 
apparatus. 

Mr. Dean.*—Of course I realized when I wrote this paper that 
I was going to stand up and be knocked down. I have been 
knocked down on the boiler subject so many times that I am 
used to it, and Ido not mind it very much. As to the value of 
reheaters, etc., of course I was aware that there are cases in 
which no saving is produced, and, as everybody knows, a reheater 
must produce losses in some way. The saving may not, in all 
cases, counteract those losses. For instance, there is a loss by 
radiation. This must first be counteracted, after which the gain 
follows. There are many engines made with reheaters with so 
little surface that they cannot do any good, and when you use 
surface enough to superheat from 70 to 90 degrees it seems to 
me highly probable that there is some good done. I believe that 
that is the opinion of Professor Thurston. 

In regard to the value of improved grates which Mr. Kent has 
mentioned, of course that is a matter of personal opinion. But I 
have come to that conclusion. 

The statement that the horizontal tubular boiler cannot be 
forced is one that rather interested me. I will add here that the 
best result I ever obtained from a horizontal return tubular 
boiler was when I was getting a horse-power from about eight 
square feet of heating surface. That was done with only about a 
quarter of an inch of draft, and with the utmost ease, and the 
test was duplicated a month later. 

Speaking again of what forms on the outside of the tubes of a 
horizontal tubular boiler, the boiler I speak of as having given 
these two high results was twenty-four years old, and had the 
original tubes. The boiler used the water of the Merrimac 

Liver, and was located at the Atlantic Cotton Mills, Lawrence, 
Mass. Of course in the West, where water is bad and all sorts 
of things get onto the tubes, I could not expect any such results, 
but in the East, where water is good, practically nothing forms on 
the outside of the tube. 


* Author's closure, under the Rules. 
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Iam very glad that the paper has brought out a somewhat 
spirited discussion. That is one function of papers, and this one 
has realized that end, if no other. 

In regard to Mr. Kent's opinion of the relative economies of 
horizontal return tubular boilers set in brickwork and vertical 
water-leg boilers, such as the Corliss and Manning, it is evident 
that Mr. Kent has not tested boilers of these kinds over and over 
again so as to obtain strictly comparable results. When he does 
he will find that the efficiency of the horizontal return tubular 
boiler set in brickwork is about 71 per cent., and the Corliss and 
Manning about 76 per cent., when the tests are carefully made by 
the Society’s standard method, by the same persons. 

I note that Professor Thurston attributes the first use of 

“reheaters in this country to the late Henry R. Worthington in 
1869, or thereabout. This is important and interesting. 

One speaker at the meeting stated that Mr. Worthington used 
a compound pumping engine earlier than the Charlestown engine, 
but the first tandem duplex compound was, I believe, installed at 
Charlestown, Mass. 
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BOILER TESTS: CLASSIFICATION OF DATA AND 
PLOTTED RESULTS. 
BY WILLIAM WALLACE CHRISTIE, PATERSON, N. J. 
‘eal ina te (Member of the Society.) 


IN a paper recently presented to this Society by Dr. Charles 
E. Emery t are given diagrams showing the efficiency of heating 
surface for different boilers, based on “ navy” experiments ; the 
Martin vertical tubular type gives the best results. Remarkable. 
conditions were present in obtaining these results, such as one 
grade of coal and an expert fireman throughout the tests. 

Professor Carpenter t gives a diagram plotted from the 
American edition, Weisbach’s Mechanics, of some trials made 
in Philadelphia in 1868, in connection with which are given 
equations for the mean lines. 

Dr. R. H. Thurston$ gives the same diagram, introducing 
slightly different lines and other equations. 

Mr. R. 8. Hale’s paper (deexvi.) is very full of information and 
data relative to different rules, etc., regarding the efficiency of 
heating surface. Along a different line of investigation the 
writer has collected a large number of tests. from various 
sources, including those by Whitham and Barrus. 

These have been tabulated as per tables which follow and the 
results plotted in diagrams appended. 

In the tabulation it will be noticed that the absciss# are 
“pounds of coal” in place of “pounds of combustible,” as 
used by Emery and others, because many of the tests do not 
give combustible per square foot of heating surface. 

Table I.—Vertical boilers, using anthracite coal. 

Table IL—Vertical boilers, using bituminons coal. 

Table III.— Horizontal boilers, using anthracite coal. 
Table IV.—Horizontal boilers, using bituminous coal. J 


* Presented at the New York meeting (December, 1897) of the American Society : 
of Mechanical Engineers, and forming part of Volume XIX, of the Transactions. 
+ DCLXXVIL., p. 237, vol. xvii, 
¢ DCLXXVIL., p. 276, vol. xvii. 
§ DCCX., p. 160, vol. xviii. 
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TABLE I, 


VERTICAL BorLERS—ANTHRACITE COAL. 
(Wm. Wallace Christie, 1897. toa 


Equiva- Honse-PowerR. 
Crassi- Coal per | Coal per .. lent Evap 
FICA- ft.of sq. ft.of | Water Grate Sur- | Ratio per Ib 
TION Grate per Heat. Sur. Heat. Sur. face. | H.S. |Combust- Rated. Develc 
No, hour. per hour. aq. ft. sq. ft. | GS. | iblefrom 12ft. HLS. - E 


Se St St St ot St ce 


5 
5 


839 
555 
840 
755 


614 
752 
752 
752 
,196 
761 
761 
4,100 
4,100 
4,100 
4,100 
4,100 
4,100 
3,100 
3,100 
3,100 


o 


Co 


or or or cr 


orc ore 


» 
-¢ 
~ 
| 
100 8.9 654 443 32.5 13.6 9.78 37 3 
« 8.9 451 443 | 22.4 19.7 | 9.79 87 3 
103 10 473 5,480 259 | 21.2 9.26 457 60 
104 7.5 | .288 3,790 14 (26.5 8.91 316 | 24 
105 11 368 367 | a 29.9 10.07 114 13 
: 106 11.1 871 367 6 | 29.9 9.56 114 12 4 
107 17.1 572 367 6 | 29.9 8.18 114 16 
108 12 B84 31.2 9.17 117 11 
109 14.2 402 31.2 8.87 117 | 13 
P 110 9.8 | .808 453 6 31.8 9.54 121 10 if 
111 | 7.92} .247 12 32 10.66 100 8 
112 9.1 271 205 a 10.51 17 1 
15 205 10.22 17 2 
114 10.9 962 10.36 80 7 
115 8.2 224 23 10.00 70 4 
16 9.66 259 | 15 9.02 47 3 
| 117 9.3 | .249 22 10.61 70 5 
118 9.3 . 243 157 8.96 400 a ae 
119 | 12.7 | 157 8.43 400 22.5 
120 14.3 | .874 | 157 7.63 100 | 555.6 
ee | 12.2 | .305 | 141 11.44 468 | 474.4 
122 7.19 | .178 18 10.65 63 35.7 
11.13 | .276 18 11.71 63 56.6 
124 15.00 | .872 18.62 12.47 63 86.6 
125 17.8 | .441 28.7 9.68 100 138.1 
126 15.4 821 15.9 10.13 64 64.3 + 
127 | 24.1 508 15.9 9.38 64 91.2 ~ 
129 20.69 80 | 10.44 
130 12.88 260 80 10.38 
181 22.52 .439 | 80 9.79 
138 22.87  .444 80 9.99 
134 15.60 | .302 60 12.88 260 367.6 * & 
135 20.5 B97 60 12.14 260 470.8 
136 24.5 AT4 | 60 12.05 260 | 580.5 | ‘ 
| | j 
| 


al 


VERTICAL BOILERS—BITUMINOUS COAL, 


(Wm. Wallace Christie, 1897.) 


Honst-Power. 


per Ib. 


from and at 
212 


12 ft. 
H. S. =1.H.P. 


Classification 
Number 
Evap. 


Grate per hour. 


Coal per sq. ft. of 
Coal per sq. ft, of 
Heat. Surf. per hour. 

Comb 
Rated. 
Developed. 
A. 5 M. KE. 


| Equiv. 


.318 
. 230 
295 
.510 
. 263 
. 290 
.050 
248 
.371 
.2738 
.478 
. 805 
. 226 
226 
. 255 
. 285 
.286 
264 
.216 
.228 
.837 
.487 
.221 
457 
.217 
.251 
- 252 
. 365 
.563 
.645 
.410 
.445 
ATT 2,599.4 
.544 599.4 | 


ow 


169 
600 
414 
236 
84 
261 
261 
261 
208 
208 
217 
217 
217 


217 


dd 09 dO 
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' 
; : 9 90. 31.1 9.16 234 | 210.3 
45.6 31.8 8.99 120 213.6 
5 69.7 82.2 9.61 188 155.2 
18.66 15 36.6 11.30 46 93.44 
. 10.3 64.8 39.1 12.29 214% 213.2 
a 11.61 7.33 40 11.86 25 26 
; “To 41.91 | 1 7.33 4() 9.31 25 67.1 
60.61 | 1 7.33 40 9.80 25 113.8 
10 | 18.62 40.0 11.56 68 | 67.47 
es; 159 | 19.89 65 10) 9.74 556 41 
160 17 14 54 4388 218 
161 16.9 36 15 ).93 | 137 | 166.3 
162 13.16 | 28. 18 3.09 116 128.7 
163 | 23.00 | 18 116 198.6 
: 164 14.7 | 18 32 | 116 | 126.2 
165 109 | 18 85 | 116 | 95.4 
166 10.9 | 18 61 116 85.98 
5 167 12.30 | 18 90 692 697 
168 | 18.71 | 18 09 692 | 747 
169 13.78 | 18 64 692 759 
170 13.72 18 V7 692 698 
171 | 10.42 18 10 | 922 | 598 
172 11.01 00. 18 .02 | 807 | 613 
: 173 16.3 38.9 18 ).98 157 | 189.3 
174 26 38 53 1.52 169 317.1 
; 175 | 27.6 38 53 12.06 352 
176 11.96 | 32.8 54. 10.97 460.9 
| 88.23 56 10.77 
178 | 29.47 47.50 | 59 10.00 188 
179 13.1 | 56.7 60 12.29 243.1 
180 | 16.7 | 50 62.8 13.01 403.3 
181 | 16.8 | 50 62 10.79 243.5 
183 26.08 50 71 1.14 278.4 
18f | 40.12 35 71 1.71 416 
185 | 45.92 | 35 71 0.85 463.5 
* 186 | 30.4 35 74 1.59 330.97 
= + 187 | 33.07 35 74 1.43 353.4 
188 35.4 35 74 1.06 365 
189 | 40.4 35 74 0.54 «399.2 
— 
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TABLE 
HORIZONTAL BOILERS—ANTHRACITE COAL, 
(Wm Wallace Christie, 1897.) 


Horse-Power. 


per 8G. 
of Heat- 
ing Surface 
per hour. 
Heat- 
surface, 
sq. ft. 


Number, 


Classification 
ft. 


Grate Surface, 


Developed. 


A.S.M.E. 
| 


Coal 


9 


1 
1 
a 
9.5 
9.5 
9.5 
9.5 
5 


12, 1, 
11.69 1,056 


A. 
s 
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13 1,320 9.22 110 
4 1,320 145 7.5 | 8.44 110 
9.7 “300 404 42.7 39 82.4 
{ 263 (10.6 72 304 36.1 | 1 33 62 
64 8.62 852.5 36 24 12.12 71 0.88 
265 7.9 639 | 24 2 9.87 54 48.1 
266, 8.5 287 629 21.2 2 10.85 53 92.7 
87 11.7 | .400 1,733 | 58.5 2g 10.63 145 149.2 ae 
26S 12.9 440 1,738 | 58.5 P 9.25 145 192.3 7 
; Pant) 6 | .202 629 21.2 2 10.88 53 33.5 
270 11.4 | .384 620 21.2 10.46 53 61.4 : 
271 10.9 1,041 32 11.38 87 178 
272 11.4 1,041 32 11.30 87 188.7 
: 273 11.5 | .353 1.041 32 11.07 87 194.6 
274 10.1 304 644 10.76 53.7 53.9 
275 -216 753.6 11.92 63 46.96 
276 6.5 .192 669 11.06 56 33.9 ' 
277 12.1 669 10.76 56 62.1 
27s 9.3 900 11.06 75 | 66.9 
279 9.6 284 00 10.72 | 6.8 
280 15.24 446 682.5 8.86 57 
281 14 S90 11.24 74 105.5 
232 5.7 639 10.48 53 25.5 
283 ay 213 719 10.25 60 79.4 7 | 
10 270 890 10.75 74 64 
285 10.8 9.98 74 62.8 
286 12.2 .330 890) 37 | 10.65 74 81.9 
287 13.2 357 890) 37 10.74 74 87.7 
288 14.2 .383 R90 37 10.47 74 87.8 . 
4.7 736 37.6 11.01 62 | 2.1 
200 4.7 125 736 37.6 11.42 62 27.8 a 
291 8.6 228 736 37.6 11.44 62 48.2  & 
8.7 231 736 37.6 1: .63 62 50.3 
10.66 1,676.3 37.67 11.82 140 135.59 
9.96 2357 1,598.4 12 38 12.00 133 119.88 
205 11.11 .290 4.560 120 38.3 10.73 381 345 
206 16.4 404 1,706 42 40.6 10.18 142 150.9 f 
207 26.1 642 1,706 42 40.6 9.03 142 209.4 
20S 11 262 1,041 4.7 | 4 11.13 ST 79.5 = 
12.2 1,041 24.7 42 11.20 87 88.5 
300 15.92 B62 1,317 30 43.9 10.76 110 122.5 : 
9.4 .212 1,047 22.7 44.2 10.61 88 | 58.4 
02 22.3 480 7,524 165 45.6 11.14 | 627 | 935.9 
22.3 7,524 165 45.6 11.45 627 961.4 
5.93 127 3.640 | 46.6 11.76 304 124.26 
305 11.9 251 3,306 69.8 47.4 10.60 276 | 228.7 
306 20.14 414 1,215 Ps) 48.6 10.26 102 || 
307 12.08 1,960 39 50 | 10.73 164 121.9 
308 14.8 276 5,144 96 53.6 11.97 429 410.5 - 7 
300 21.5 401 5.144 96 53.6 12.02 429 611.8 
310 27 .508 5.144 96 53.6 10.46 429 691 ; 
311 13.02 242 2,877 63.5 | 63.7 11.64 240 215.5 
312 13.5 640 54.4 10.05 54 36.3 = 
313 11.9 205 3,242 | 56 57.9 11.33 270 19% .1 
314 10.3 171 5,412 90 60 10.78 451 241.5 ’ 7 
315 14.5 2,305 36.6 61.1 11.00 192 155.1 
316 19.8 .823 4,225 | 68.9 61.3 11,31 352 =| 370.4 
317 28 .456 4,225 68.9 | 61.3 10.08 352 442.3 
318 82.9 536 4,225 68.9 61.3 11.00 352 581 = : 
319 26.3 423 7.700 124 62.1 11.81 642 901.8 
31.9 513 8,850 62 62.1 11.87 321 534 
321 21.3 («1,253 20 62.6 11.04 | 10 | 114 
322 30.2 482 | 1,253 20 62.6 11.00 | 105 | 154.3 ; 
323 11.5 2.680 39 | 68 11.03 224 | 124.2 
324 14.25 208 =| 6,150 90 68.3 | 11.11 518 =| 359 
325 9.4 =| 1,609 22.5 71.5 | 10.39 134 55 
326 20 .260 688.1 9.2 76-9 9.55 58 45.5 
327 33.7 432 4,360 78 } 11.38 364 500.3 
828 22.5 | .846 12.675 135 93.9 | 840.4 
329 45.4 12,675 135 | 93.9 | 553.1 
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43 
TABLEIV. 
Hor1zontTAL COAL. 


(Wm. Wallace Christie, 1897.) 


Classifi-| Coal per Coal per | Water | Horsk-PowER. 
cation |sq. ft. of sq. ft. of Heating ILS. Rated 

Num- Grate Heat.Surf. Surface as from ft. HS Developed 
ber. | perhour. perhour. | sq. ft. at 212°, = Ep. M.E. 


375 .688 394 36. 8.59 
376 .688 394 36. 8.74 
.426 22 d 2.8 9.48 
.055 2,88 9.2 
668 5,628 | 217. 25. 10 

.822 5,628 217. 25.§ 11.06 
.211 : 30.2! 27. 8.95 
.206 30.2! 27. 9.67 
2 29. 10.60 
.B28 23% 10.91 
B54 10.19 
.313 11.52 
10 

11.39 


CO 
orto 


3: 
3 


= 


9,000 
1,041 
2,100 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 
1,137 


¥ 
7 
33 60.8 
As 27 34.9 
69 841.4 
69. 40 
42 
08 «115.1 
03 | 117.3 
54 60 
a 66 79.7 
74 | 171.9 
| 389 526 890 25.4 1.6 11.17 74 143.8 
4 ; 390 5438 890 | 25.7 1.6 10.34 74 135 
391 246 890 24.1 37 11.78 74 69.6 
39 625 2,028 40 9.59 
39 168 3,374 90 41.6 12.07 281 204. | 
39 474 | 11.88 41.6 11.74 40 43.3 
1 39 .834 474 11.88 | 41.6 11.92 40 49.1 
39 588 ) 216 41.6 11.29 750 1,347 
541 6 41.6 9.24 750 1,202 
: 4 .333 1.7 42 11.387 87 105.4 
4 .261 42.5 11.98 | 175 177.6 
8.7 42.6 11.53 | 127.5 
A .450 8.7 42.6 11.20 100 
406 45 .409 42.6 11.60 100 148.6 
407 87 .490 8.2 42.6 11.27 100 169.6 
408 19.73 463 6.7 42.6 11.53 100 169.1 
409 26.55 623 6.7 42.6 10.76 100 199.7 
. 410 23.86 .560 6.7 42.6 11.30 100 197.3 
411 30.10 706 6.7 42.6 10.29 1000 
412 27.32 641 6.7 42.6 11.19 | 100 226.1 
413 | 34.30 805 6.7 | 42.6 943 100 239 
- ie 414 6.49 .152 6.7 42.6 11.38 | 100 52.4 
ae 415 6.49 152 6.7 42.6 11.43 | 100 52.4 
vin : 416 8.89 .208 6.7 42.6 11.88 | 100 74.6 
417 9.33 .219 6.7 42.6 11.47 100 77.3 
418 12.18 285 6.7 42.6 11.29 100 97.7 
— 
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- 
TABLE IV.—Continued. ay. 


Classia. | Coal per | Coal per | Water Hones-Powsn. 
cation sq. ft. of sq.ft. of | Heating Sn fens Ib Bomb Rated 
ber. per hour. | per hour. | sq. ft. LUP A.S. M. E. 


11.56 
10.99 
10.88 
11.00 
10.46 
9.02 
9.61 
8.85 
9.53 
10.12 
11.60 
6.29 
8.! 9.91 | 
432 | 3,306 11.24 
433 3,501 8. 11.64 
434 08 223 3,467 | 9! 10.24 
435 .O7 2 3,467 | 0.5 10.51 
436 27.23 1,100 10.52 
37 2,852 50. 9.84 
438 26 12,480 | 245. 50.4 13.33 
439 3.6 .256 1,262 23. , OF 12.47 
640 54. 10.93 
5,516 
2300 
8,242 
1,823 
1,823 
2,758 
2.758 2. 230 
1,221 2 : 102 
240 
23% 
433 
360 
9.3 5,292 2.03 441 
10.97 .16 15 2.4 513 
8.2 134 
230 


419 -288 
420 
421 .148 
422 3.68 .301 
423 23.5% .517 
424) .460 
425 466 
426 
427 
428 
429 
480 
431 


St ot oF OF Ot ot 


m 


| 
4.2 
5.9 
08 
43.2. 
01.2 
47.2 
41.3 
19 
31 
52 
61.4 
13 
8.1 
65.3 
69.97 
14.6 
| 48,2 
50.4 
58 
68.8 
77.8 
i} 20.8 
21.4 
31.8 
55 
77.7 
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From the above tables the data have been used in plotting 
the following diagrams, which are self-explanatory : 
Diagram I.—Vertical boilers, anthracite coal. 
*. bituminous 
ITV 
V.— Horizontal“ anthracite 
VL— 
VIL— bituminous 


VITl.— 
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DiacraM, VERTICAL BOILERS. BITUMINOUS COAL, 
4 — 


w 


w 


Equiv. Evap. from and at 212° per Ib. of Combustible. 


3 4 5 6 7 
Coal per 


Hour per Sq. Ft. of H. 8. 
Fic. 68. 


DIAGRAM, V. HORIZONTAL BOILERS. ANTHRACITE COAL, 


A 5 6 
Coal per Hour per Sq. Ft. of H. S. 
Fie, 70. 
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DIAGRAM, VII. HORIZONTAL BOILERS. BITUMINOUS COAL. 


Equiv. Evap. from and at 212° per Ib. of Combustible. 


3 4 5 6 7 
Coal per Hour per Sq. Ft. of H. 8 


Fia. 72. 


The location in the diagrams of most economical performance 
seems to him to be within a certain area rather than on a par- 
ticular line, and lower than the line given in some of the above- 
mentioned diagrams ; and the writer has tabulated these areas 
of most economical performance as follows : 


From DIaGRaM Between Rate of Combustion Bestat Coal per Best at Ratio of H. 8. 
per sq. ft. of H. 8. of sq. ft. of H.S. to G. 8S. of 


0.27 to 0.47 | 


a 0.21 to 0.29 
0.13 to 0.5L 


to 0.54* 


Plotting the above tabulation, we have the following dia- 


grams (XII. and XIII): 


DiaGcram 


eo 

| 
40 
Ratio of H.S. to G.S. 


3389 
“| 
& 6 
~ 
- 
| 
0.21 48 10 63 
IV. 0.35 2to9 
| VIL. 0.315 41 to 68 
| | 
a 
0 10 70 80 9 100 
Christie 
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DIAGRAM XIill. 


5 6 7 


3 


Christie Coal per Sq. Ft. of Heating Surface per Hour 


Fie. 78. 


In these two diagrams vertical position does not mean any- 

thing ; arrangement was made thus for convenience. 

Plotting the averages obtained from Tables I. to IV., we have 
Diagrams IX., X., and XL, in which the ordinates are equivalent 
evaporation per pound of combustible ; for abscissze we have 

the ratio of heating surface to grate surface in Diagram IX. ; 
coal per hour per square foot of heating surface in Diagram X. ; 
coal per hour per square foot of grate in Diagram XI. 
It is interesting to note that in each of these three diagrams 
the vertical boiler occupies the lowest and highest place as 
far as evaporative efficiency is concerned, while horizontal boil- 
ers occupy the middle positions. 

The influence of ratio of heating surface to grate surface, and 
of coal per hour per square foot of heating surface on evapora- 
tive efficiency, may be studied by reference to Diagrams I. to 


(Figs. 66 to 73). 


DISCUSSION. 


Mr. Allan Stirling.—In this paper Mr. Christie gives anthracite 
and bituminous coal equal prominence, but tests with anthracite 
coal are of comparatively little importance, as it is used very little 
in boilers. I have therefore reproduced the important diagram 
of Mr. Christie’s paper in its relation to the bituminous coal only. 

This diagram (Fig. 79) shows that the highest place, so far as 
evaporative efficiency is concerned, is occupied by vertical boilers. 

The average result of 121 tests of boilers, given by Mr. Christie, is 
_ that vertical boilers are 7} per cent. more economical than 
horizontal. 

It is easy to find reasons why vertical boilers have won for 

themselves the highest place. Vertical heating surface naturally 


| 4 
a 
4 
® 
j = 
ie 
Nore.—Throughout the paper H. 8S. means water heating surface. 
. 
| 
| 
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DiaGRam IX. 
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4. 
87 
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” Bituminous 
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Fie, 74. 
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Equiv. Evaporation from and at 21 


8 


30 8S 40 
Christie per hour per sq. foot of Grate 


|) 
37.97 
— 
‘on 


B42 BOILER TESTS : CLASSIFICATION OF DATA AND PLOTTED RESULTS. 


vids itself of some of the impurities in the water, and the dust in 
. : the fire gases, to a much greater extent than horizontal surface. 
Tt has been stated that the fire gases carry with them out of 
the furnace about 1 per cent. of the total weight of the coal 
burned. With horizontal tubes this flue dust can only be re- 
moved by blowing and scraping, while with vertical tubes it is 
regularly removed by the action of gravitation. 
_ Two elements of the deposit made by the water usually fed to 
boilers are the mud and the hard, glassy-like scale which will be 
found on the remotest part of the heating surface. The mud will 
‘settle; the hard, glassy scale can be loosened by the judicious 
use of soda, combined with the expansion and contraction of the 
metal, and will then also settle. 


~ 


~ 


~ 


—) 


ec 
£3 
£5 
+2 

& 

se 


Coal per hour per sq. foot of H.S, 


? Horizontal » 
Fie. 79. 


The action of a horizontal tube, compared with a vertical one, 
so far as the foregoing elements are concerned, is illustrated by 
the following diagram (T’ig. 80). 

The horizontal fire tube collects much flue dust and some scale. 

The horizontal water tube collects much scale and some flue dust. 

The vertical water tube, if properly arranged, gets rid of flue dust, 
mud, and loose seale by gravity. | 

As the cleaning of the flue dust, mud, etc., from horizontal 

as _ tubes can only be done at intervals, the imanltatle result is, that 

- -_ vertical tubes are more economical of fuel than horizontal tubes. 

-_-* In vertical fire-tube boilers the mud and loose scale settle on 

. the flat tube plate which forms the roof of the furnace. This is 

the source of great trouble and expense, and is one of the reasons 


| 4 |: 
8 


mud drum, and it cannot be removed because it is impossible . 
get access to it. 

Although the vertical surface naturally rids itself of flue dust, | 
mud, and loose scale, there still remain the soot and the tough 
scale, which adhere to all surfaces, whether vertical or horizontal, — 
and which must be removed by mechanical means. . 

In a vertical fire-tube boiler, to clean the soot from the tubes 
necessitates the shutting down of the boiler. The man must get_on 
top of the boiler, and either remove the chimney or get into it, 
and each tube must be cleaned individually at considerable 
expense of time and steam. In vertical water-tube boilers, in 


Horizontal Horizontal Vertical 
Fire Tube Water Tube Tube Y." - 


Fic. 80. 


which the tubes are arranged in circles, it is impossible to brush 
the soot off the tubes. In vertical water-tube boilers, in which 
the tubes are arranged in parallel rows, hundreds of tubes can be 
effectively blown by a simple power apparatus, without opening : 
door, and in about the same time that it takes to blow one tube 
in a fire-tube boiler. 

When the matter of the tough scale, which adheres even to 
vertical surfaces, is taken into consideration, it will be seen that 
the vertical fire-tube boiler is open to the same fatal objection 
which has been found to horizontal fire-tube boilers, viz. : access 
to some places is impossible. I was taught the necessity for 
providing access to every foot of the heating surface for the 
purpose of cleaning the scale by mechanical means, by a severe 
experience in Beookly n, in 1885, with the first A boiler 
I built. This boiler was not readily accessible for cleaning, and 
gradually accumulated scale. One night a tube burned out and 
burst, scalding two men so badly that, although they recovered, 
their lives were despaired of for a time. This was the only 
vase In which men have been injured by a boiler with which I 
have been connected. It was a hard and costly lesson, but it 
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exceptionally good water, such as Brooklyn had in 1885, and that 


it is necessary to provide easy access to every foot of the heating 


surface for the purpose of removing this tough scale, in order 

that a boiler may be safe, economical, efficient, and durable. 

_ There may be an occasional exception, such as the water of the 

Merrimac River, but I have had no experience with such pure 
water, and it is rarely met with. 

The superiority of vertical over horizontal tubes, and the advan- 
tage of convenient access and machine cleaning, were well illus- 
trated by acase in Scotland. A large steel works there gave me an 

order, in 1894, for a water-tube boiler of 4,370 feet of heating sur- 
face, to be installed between rows of Babcocks. The water was 
very bad, necessitating the stoppage of each Babcock for one day 
every five weeks for cleaning, and four men were constantly em- 
ployed cleaning the Babeocks. The large boiler, which I installed, 
ran far beyond its rated capacity for eighteen months, night and 
day, without stoppage for cleaning. The mud and the hard, glassy 
scale were removed regularly by blowing off, by the judicious use 
of soda, and by washing out with a hose. Although the owvers 
of the boiler wrote me that the tubes near the feed pipe were 
gradually filling up, I pursued my journeys in Britain and on the 
Continent, and at the end of eighteen months I cleaned the tubes 
near the feed pipe in a few hours, and the boiler went to work 
again for another long period. Some of the tubes in this boiler, 
which were cleaned without difficulty, had bends amounting to 180° 
in each. It has been said that scale inside of a bent tube cannot 
be cleaned, and that boilers constructed of bent tubes have died 
a natural death and been buried because they could not be 
cleaned, but the fact is that vertical bent tubes, entering radially 
into horizontal drums, can be cleaned quicker, by power apparatus, 
than straight tubes either vertical or horizontal. I have been 
informed by an eminent member of this Society that in parts of 
Ohio, where the water is bad, bent tubes, when scaly, are cut out 
and replaced with new ones. This is unnecessary because vertical 
bent tubes can be cleaned readily by power apparatus. 

I wish here to give a word of caution as to the danger of using 
water-tube boilers with straight tubes and flat tube plates. It 
was a boiler of this description, called the Firmenich, which ex- 
ploded and wrecked a large flour mill, in St. Louis, several years 
ago. The strains on the tube plates of water-tube boilers are 
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totally different from those in fire-tube boilers. A little reflection 
will convince any engineer that flat tube plates in a water-tube 
boiler, to be safe, must have a stay between each tube, and this is 
the case in the Heine boiler. Stays in the drums of vertical water- 
tube boilers make them inaccessible for cleaning; therefore I say 
avoid flat tube plates in water-tube boilers, as they are very 
dangerous. 

There is still another reason why vertical boilers have won for 
themselves the highest place. In properly constructed vertical 
boilers the heating surface is further removed from the fire than 
in horizontal boilers. This is a very important matter, as the 
volatile hydrocarbons, which form a large percentage of all bitumi- 
nous coals, require for their proper combustion that there shall 
be time and space between the grate and the heating surface. 

There are two other matters, in addition to the economy of 
coal, which should be noted in favor of vertical tubes: Ist, the 
much smaller cost in cleaning; and, 2d, the saving in interest, 
depreciation, and repairs from the use of fewer boilers, due to the 
fact that stoppages for cleaning are shorter and less frequent. 

Taking the datawhich Mr. Dean gives in his paper, read at 
this meeting, an economy of coal of 7} per cent., due to vertical 
boilers, as shown by Mr. Christie’s tests, work out at 55 cents per 
horse-power year. First-class vertical water-tube boilers can be 
bought and installed complete, to-day, for less than $5 per indicated 
horse-power, so that it would pay more than 10 per cent per annum 
to throw out horizontal boilers and substitute vertical water-tube 
boilers. 

Prof. R. C. Carpenter.—In the paper by Mr. Christie is an 
extensive collection of results of boiler tests, but I cannot but 
feel that in its present form the data so laboriously collected will 
be of little value; it could, however, be made of great value by 
giving additional information in relation to each test regarding 
kind of fuel, make of boiler, and authority quoted. 

It is also regretted that the diagram of results is not plotted 


with reference to combustible per square foot of grate, especially 


for the bituminous coal, instead of coal per square foot of grate. 
It would seem that such data must have been available, or at 
least could have been found by calculation, since the results are 
given as evaporation per pound of combustible instead of per 
pound of coal. The heating value of coal used in different sec- 
tions of the country varies more than 50 per cent. for an equal 
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weight, while the variation in heating value per pound of com- 
bustible probably does not exceed 10 per cent. For this reason 
diagrams or results based on combustible are more strictly com- 
parable than when based on coal. 

The writer found that a simple empirical equation of the form 
y = B—en/z, in which y = evaporation per pound of combus- 
tible, z weight of combustible per hour per square foot of heat- 
ing surface, Ba constant depending on the fuel equal 14.3 for 
coal, c a constant depending on the form of boiler, ete. The 
equation seems to have a rational basis for high values of 7 and 
low values of «x, but fails, and may even give absurd results for 
extremely high values of 2, say 24 to 3 pounds of combustible 
per square foot of heating surface, or 100 to 120 pounds per square 
foot of grate per hour. It should hold, however, for values of x 
much greater than any plotted by Mr. Christie. 

In experiments made by the United States Navy,* the results 
are closely expressed by the following equations : 


y = 14.3 — 4.5/2 for water-tube boiler. 
14.8 — for tubular boiler. 


T have drawn a curve on each of the Diagrams ITI., V., and VIT., 
respectively corresponding in character to curves represented by 
the equation as stated above. The equation of the curve which 
agrees most closely with the results on Diagram III., AZ, for 
vertical boilers (Fig. 51), is 


y= 14.3 = 


in which « equals coal per square foot of heating surface per 
hour; that with the results shown on Diagram V., AZ, for hori- 
zontal boilers (Fig. 82), anthracite coal, is 


y= 143—-— 6.7V x. 


These two curves agree as closely as possible with the widely 
divergent results plotted, and indicate in both cases a loss of ; 
efficiency with anthracite coal which increases with the square 
root of the amount of coal consumed. 

The same curve y = 14.3 — 6.7Vz is plotted at AB on Dia- 
gram VII. (Fig. 83), for horizontal boilers with bituminous coal, _ 
and is seen not to apply, or at least not to agree, with the plotted 
results. The straight dotted line CD will agree with the plotted 


* Referred to in vol. ii., Weisbach’s Mechanics ; The Steam Engine, by Bull. 
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A Fic. 78. VERTICAL BOILERS. Bituminous Coat. 
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results probably as closely as any line can; the equation of this 
line is y = 14.5 — 8.32’, and indicates a loss of efficiency increasing 
directly with increase in the rate of combiistion. Such a condi- 
tion can, of course, only exist even approximately for moderate 
rates of combustion. 

The diagrams all show, however, a decrease in efliciency due to 
increase of rate of combustion. It should be remarked here that 
while this condition is in general true, and perhaps always true 
when the heating surface is equally efficient at all rates of firing, 


AC Fic. 80. HORIZONTAL BOILERS. BITUMINOUS COAL. 


f=) 


at-212°per Ib. of Combustible, 
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Ge 
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3 A 5 6 
a Coal per Hour per Sq. Ft. of H. S. 
Equation of Com. y =14.3-6.7V@' 


Fic. 83. 


it is, on the contrary, often not true, especially with water-tube 
boilers. For instance, a boiler having a setting of the class as 
indicated in the above sketch (Fig. 84) will doubtless be found to 
have a maximum efficiency corresponding to some rate of combus- 
tion, and a less efficiency either for a less or greater rate of 
combustion. 


If the rate of combustion is low, the path of the heated gases: 
will take the direction and location indicated by the arrows, and | 
that portion of the boilers at Cand F'will be comparatively cool ; 
and of little service; as the rate of combustion increases, the | 
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hot gases fill the entire space of the boiler more and more nearly, 

and the highest economy is only reached when the passages AL 
and EP are well filled with hot gases. I have taken tempera- 
tures at different portions of a boiler, and have found that the 
thermometer readings indicated the existence of conditions as 
described. This is not said to criticise this form of setting; on 
the contrary, it is probably as good as any desired, and all settings 
of water-tube boilers are probably open to the same objection. 


I made at one time a series of tests on a water-tube boiler, set 
in a somewhat similar manner, and in that case found an increase 
in economy with an increase in the rate of coal consumption, 


VO AAD YUL 


Christie 
Fie, 84. 
from the lowest to the highest limits possible under the existing 
conditions of draft and grate. 

Mr. William Kent.—The high position which the vertical boiler 
shows in Mr. Christie’s paper is due to his including in it some 
reported results which should not be believed. That is, such a 
result as 12.47 and 12.85 pounds of water with anthracite coal, 
and, with bituminous coal, such a figure as 15.40. Striking out 
these figures, it changes the appearance of the diagram considera- 
bly and modifies the conclusion to be drawn from it. The 
remarkable thing shown about these tests is that with the verti- 
cal boilers, with both anthracite and bituminous coal, the highest 
evaporation recorded, and the lowest, is found at the same rate of 
combustion of coal per square foot of heating surface. We have 
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been trying for some time to find what ratio there is between the 
rate of driving and the economy of the boiler. According to 
these diagrams there is no relation whatever, because we can get 
both the highest results and the lowest results in the vertical 
boilers with the same rate of driving. I am glad to see that Mr. 
Christie has come to the opinion I expressed last year, and he 
puts it in almost the same language, namely, that the location in 
the diagrams of most economical performance seems to him to be 
within a certain area rather than on a particular line. I ex- 
pressed that opinion in the discussion of Mr. Hale’s paper last 
year, and went a little further and stated that the breadth of that 
area is the measure of our ignorance on the subject of boiler 
economy. The economy of a boiler depends on a greater num- 
ber of different conditions other than the one condition of rate of 
evaporation, and starting with that fact as a basis, we should try 
to find out what conditions, other than the rate of evaporation, 
influence the economy of a boiler. Of these conditions Mr. 
Christie’s paper gives us no knowledge whatever. 

Mr. L. S. Randolph.—There is one suggestion I would like to 
make. In looking over this paper I think it would be a very 
valuable improvement if the type of boiler were more definitely 
indicated, viz., if it is a vertical boiler, a water tube or fire tube, 
straight tube or “ bent tube boiler, with horizontal drums.” This 
was suggested by a fact which Mr. Kent has called attention to, 


that in these vertical boilers are included some figures which are, 


to say the least, in doubt at the present time. 

Mr. W. W. Christie.*—We will all, no doubt, profit by the dis- 
cussion of this paper, and it is gratifying that my assertion of a 
year ago, that the efficiency of evaporation in a given boiler 
decreases as the rate of combustion increases, is in the main 
sustained. As to Mr. Randolph’s suggestions, life is too short, 
and my time too much occupied, to go into the detailed state- 
ments noted. 


* Author’ s closure, under the Rules. 
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CAST IRON UNDER IMPACT. 
149) 
wii BY W. J. KEEP, DETROIT, MICH. 
t (Member of the Society.) 
_ ° Tur object of the experiments described in this paper was to 


determine the influence of shock upon cast iron. 
m They incidentally show the use of mechanical analyses in 
determining the causes of physical changes which take place in 
east iron. 
The kind of shock considered is a blow, which shall not pro- 
duce distortion, delivered on a test bar. Blows were delivered 


a 
by hammers of various weights, on different parts of test bars, * 
strike endwise on an anvil. Test bars were also subjected to — 

shock by tumbling them in a tumbling barrel. The following _ 
observations were made : 


and also by dropping test bars 3 inches and allowing them to 


Striking T st Bars on the Side Decreases their Lenath. 

The decrease is so small that it is difficult to eliminate errors © 
in taking measurements. The greatest care was taken in the 
Series a and /, Table L, to avoid error. The average of 19 pairs — 


of bars, Series 4, shows that 10 blows with a }-pound hammer 2 
on the side of a test bar 4 inch square by 1 foot long shortens 
it .0001 of an inch. (See also Series 4.) Ten blows on the side 
of another single bar made it .0005 shorter. On still another, 
.00012 shorter. See also Table IL., with 50-inch bars. 

The measurements of decrease or increase in length were 
made as follows: All test bars were cast in green sand moulds ~ _ of 
in which were bedded cast-iron yokes. Between the sides of 7 


the test bar and the yoke was one inch of sand. The inner © 
end surfaces of the yokes formed the ends of the mould; they = 
were parallel, and they slightly chilled the ends of the test bars. : 
The test bar and the yoke were placed upon the follow board in - a 
= 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the Transactions. - 
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exactly the same position which the pattern and yoke had occu- 
pied when the mould was made, and this relative position was at 
all times maintained. When both test bar and ycke were of the 
same temperature as the atmosphere, a taper sca/e graduated to 


thousandths of an inch was passed between the chilled end of 
} 


shoving the end of the test bar against the end of the yoke, and 
the space at the other end was measured. ‘The reading was 
taken to one quarter thousandths of an inch. The average of 
the two readings on the scale showed the shrinkage of the bar. 
After treatment, the distance between the ends of the bar and 
the yoke was again measured. The difference between this 
and the original measurement is the gain or loss in length. 
Gains are + and losses —. The numbers recorded are in most 
eases averages of the measurements of several bars. The figures, 
therefore, appear to indicate closer readings than quarter thou- 
sandths. 

All test bars of Tables I. and III. were 12 inches long and } 
inch square (except Series /). Series a and 7 are from the same 
bars, as are ) and 33. The series 6 to 14 are each made by 

: combining the test bars of five separate tests, of which the 
measures of length are shown in seriesc toy. When the de- 
sired number of blows had been delivered, the bars were meas- 
ured. After a sufficient number of additional blows were given 
to complete another number, each bar was measured again, and 
so on. 

The bars of Series / are the same as in Series 15 to 17. 
Series 7 and 41 are the same, so are j and 42. The strength of 
bars of Series k are not given. The strength of the bars of 
Series /is to be determined. In Series m to vr the bars were 
measured each time that they were removed from the tumbling 
barrel. Series m and 18 are from the same bars, so are » and 
19, o and 44, p and 45, 7 and 46. The bars of Series + were not 

tested for strength. The diagram at the top of Table II. and 
_ the description given in the table and text, I think, explain the 
records. In all cases, in all tables, the record is the change in 
the total length of the test bar. 

Four test bars } inch square = 12 inches long, protected by 

_ two thicknesses of thin sheet iron from all contact with other 
castings, were placed in a tumbling barrel and were tumbled for 


7) 
- CAST IRON UNDER IMPACT, 
| 
the bar and the face of the end of the yoke, and the reading on 
: the seale recorded. The space just measured was closed by 
. 
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TABLE I. 


DECREASE IN LENGTH FROM BLows. 


No. SERIES. 


No. SERIES. 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


struck 


at Ends, 


10 Blows on 
1 Blow on 
Left End. 
1 Blow on 
Right End 
1 Blow Each 


Side 


= 
= 


00059 00088 


00020 00000 


End. 
End. 


| 


100 Blows 
One End. 
One End. 
One End 


1 Blow on 


1 Blow on 
Right End, 


One 


One 
3,000 Blows 


6.000 Blows 
9,000 Blows 
12.000 Blows 


00021 
00067 
00021 
00063 
.00091 


00058 
00109 
00116 


| 
| 


00109 
00116 
| 


00109 
00125 


1 blow 

was 0070 
00048 
00068 
0080 


00070 


on this 
end, 


00040 
022 
000388 
00080 
.00017 
00080 


00055 
0072 
00068 
00053, 
00070 
000380 
00088 


00041 


00025 


00071 
00083 
00062 


-00141 

After tumbling 3 hours was 2.58 longer. 
00022 00050 
00043 
00087 
000R5 


00075 
00119 
00055 


After 100,000 blows was 00080. 
250,000 
500,000 


00062 
00025 
00100 
00031 


0150 
OO0TH 
0100 
00081 


After 5.000 blows .00431 pig-iron No. 

00825 

ss 00075 

00050 

0045 

00062 


00075 
00075 
. 00087 


After 5,000 blows = .00088 No. 
00187 = 


pig-iron 


No. 


00070  .00086 After 1 blow on each end ,00092 bars 10 
00050 | 
00044 


00100: | 


three hours. 


Poor 


After tumbling 3 hours = .00802. 


One End. 
End. 


18,000 Blows 
One 


15,000 Blows 


00083 
00126 
00133 


.00134 


00146 00175 


00018 


00067 gain in length. 
.00117 from wear. 


1Silvery De Bar. 

1 Sof: 

1 Foundry * 
Mottle 


2 Silvery De Bar. 
2 Woodward. 


years old, 


The average shortening was .00065 i 


ease there could have been no wear on the ends. 


Tn this 
One test bar 


neh. 


_ from each of various brands of pig-iron was protected by one 
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thickness of sheet iron, and was tumbled three hours. The 
amount of shortening is given in Table X., Series 39 and 40. 

Of 11 test bars, Series m, Table IIL, tumbled in contact 
with other castings for half an hour, 6 bars had become 
shorter, 4 measured the same as when put in, and 1 had grown 
longer. 


Blows on the End of a T: sf Bar Shorten it, 


Series a, Table L, is most free from error. A blow was first 
delivered cn one end. The test bar was held in a vertical posi- 
tion, its lower end resting on a pine board two inches thick 
Half of a broken test bar was held on the end, slanted slightly 
from vertical, to allow one edge of the lower end to rest across the 
centre of the chilled end of the test bar. One blow was struck 
on the upper end of the half bar and was transferred to the upper 
end of the test bar. There was thus little danger of upsetting 
the end of the test bar. The shortening was five times as great 
as with ten blows delivered on the side of the same bar with the 
same hammer. A blow delivered in the same way on the other 
end showed a shortening only one-fifth of that due to the first 
end blow. A piece of lead was then placed on the end of the test 
bar, and two blows with the $-pound hammer were struck on 
each end, and the effect was less than the second single end 
blow. On the same lead, one blow was struck on each end by 
a 1}{-pound hammer, with an effect about equal to either of the 
single end blows. The other series in Table I. may not have 
been quite as free from error, though at the time of making the 
experiment it was supposed that every precaution was taken to 
avoid error. 

A blow seems to exert the greatest influence in the direction 
in which it is delivered. It is difficult to determine whether the 
shortening which follows an end blow is caused by a general 
rearrangement of crystals, or by an upsetting of some portion of 
the bar. If the latter, cast iron is upset by a very slight blow. 

In Table II. the lower end of the 50-inch bars rested on the 
wooden floor and the upper end was steadied by the hand. I 
endeavored to measure the change in the length of the bar 
when the gates were broken off, but there were so many chances 
that the bar lay in a slightly different position when measured 
that the records are not given. If further experiment should | 
show that the casting becomes shorter when struck with a ham- 
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mer, it will in part explain the frequent cracking of a casting by 
rapping off the gates, as in the case of 2 pulley with light arms. 


change in shape of many castings. I have a planing machine 
made to dress pine lumber to 45 of an inch thick, and it is very 
difficult to keep the upper surface of the bed true. 

To ascertain if shipping castings by railroad would affect 
them, I packed 7 test bars in excelsior, wedged 6 bars tight in 
a box, and packed 6 test bars loosely in another box, so that 
they would always lie two deep. I sent them on the floor of a 
box car over the railroad between Detroit and Chicago four 
times. The first two sets showed no change. If the measure-_ 
ments were correct, the bars packed loose were a trifle shorter _ 
(.00006), but there might have been an error, as the first and 
last measurements were taken twenty days apart. 

In Table I. each of the series shows the influence of a small 
number of blows on the end of a test bar, and Series ¢ toj show 
the amount that a larger number of blows shorten test bars. In | 


slightly. Series | is of test bars | inch square = 12 inches — 
long. The shortening influence of blows is as apparent as in 
the small bars. Some of the shortening of bars which received — 
a large number of blows may be due to wear. Tumbling three 
hours may have shortened the bar even more than 18,000 blows, 
and the bar at the same time may have been stretched by the | 
pounding action of the other castings, and thus make the record — 
smaller. Tumbling six hours has entirely overcome the shorten-_ 
ing, and the test bar is longer than when placed in the tumbler. 
The bars of Series 4 showed wear plainly on the end of the 
bars. 


Test Bars Tumbled in Contact with Other Castings in a Tumbling — 7 
Barrel Increase in Le ngth. 


This is in proportion to the malleability of the iron, and is 
caused by the peening action of the other castings. <A test bar 
} inch square x 12 inches long was held in the hand by one 
end, and 500 blows were delivered with a }-pound hammer on 
the four sides of one end, the blows not reaching more than one 
inch from the end. The bar was lengthened .00025 inch. Five 
hundred blows one inch from the other end lengthened the bar 
as much more, making it .0005 inch longer. This shows that 
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the peening action of such light blows delivered on the loose 
end of a test bar for only two inches of its whole length 
increases its length. 

One bar was struck 1,000 blows with a }-pound hammer, on 
only one side, for four inches in length at the centre, until the 
surface was smooth, the other side resting on an anvil. The 
bar was .00325 inch longer. 

The test bars which received a quarter and a half million 
blows (Series /, Table I.) were placed, four in each compart- 
ment, of a specially prepared striking machine, and they bumped 
against each other and against the wooden sides of the compart- 
ments which held them, until their sides were worn smooth. 
Perhaps this action peened the sides and caused the bars to 
become slightly longer. As the ends of all bars treated in this 
way were chilled, the wear would be very slight, and on bars 
receiving less than 18,000 blows, probably not enough to be 
measured. Other test bars receiving 1,000 blows from a }-pound 


hammer, on one side, leaving 13; inches at centre untouched, 
lengthened the bar .00225 inch. Test bars in a tumbl ng barrel 
are more like bars held in the hand and struck with a very light 
hammer, though they receive some blows while they rest on the 
side of the barrel. 

All tumbled bars reported in this paper were measured, and 
gained in length. The gain of a number of bars is given in 
Table IIL, Series #7 showing the gain at the end of each half 

hour. Series x shows the gain in length when tumbled ten hours. 
Th at the gain in length is not due to any change in arrange- 
ment of crystals is shown by the record of test bars of steel 
and wrought iron (Series ”). A tempered steel bar changed very 
little. The same tool steel not tempered was slightly longer. 
A bar of Bessemer steel lengthened as much as the cast-iron 
bars. The wrought-iron bar was so soft that at the end of one 
hour the ends were worn round, and the bar was .0012 inch 
shorter from wear than when put in. At the end of two hours 
the ends continued to wear rapidly, but the peening of the sides 
lengthened the bar .00087 inch, and at the end of three hours 
00187 inch. It was the action of tumbling on this non-crystalline 
bar that suggested the same cause for the lengthening action on 
cast iron. 
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ed TABLE III 
es NUMBER OF Hours TUMBLED AND INCREASE IN 


No. Series. 


1} Hours. 
2 Hours. 
Hours. 
83 Hours. 
Hours, 
4 Hours 
4) Tours. 
5 Hours. 


| 


| 
| 6 Hours. | 


00010 00100 
-00050 00138 
00106 00206 
00025 00150 .00169 
00025 00125 .00162 00162 } 
00056 .00175 .00182 .00225 .00250 
-00100 00100 .00100 .00119 .00135 (00135 00194 
0082 00732 .00150 .00163 .00163 00163 .00163 
-00038 00125 00144 .00144 00157 (00157 00200 .00231 
00025 .00150 .001T5 .001TS 00175 .00175 .00175. .00175 


ore 


No. Series. No.Bars. 1 Hour. 2 Hours. 3 Hours. 4 Hours. Rag ooonnd No. Hours, 


00400 00400 

003850 00400 — 
003800 00400 00550 00250 
00400 00400 O00 00450 
00350 00350 .00325 00250 
OO400 00500: 
C0200 .00100 


} 
No. Serres. No Bars. Name of Pig-Iron. 1 Hour. 2 Hours. 3 Hours. 


Silvery De Bar . 00058 09150 00212 
1 Soft 12 00200 
1 Foundry * 00100 0016 R200 
Mottle 00076 00078 00004 
White 0 0 0 


2 Silvery De Bar 00156 00875 
-00100 - 06212 -OORTS 
2 Soft Rockland ......... 00100 00125 00156 
Poor 0069 00133 00133 
2 Foundry Woodward................. -OO112 -OORST 


Q-++++.-.... 3 bars each of Dayton pig iron tumbled 2 hours = Close Silvery .00125, Open Silvery 
W250, 2 Foundry .00100, 1 Mill .00150, Open Bright .0, Open Bright .00073, 2} 
Foundry .00025, Mottle .00100, 2 Mill .00150. 


A tempered tool-steel test bar tumbled 1 hour 00019, 2 hours —.00013. 3 hours —.00006. 
Same steel untempered 1 hour .00087, 2 hours .00012, 3 hours .00050, Bessemer bar 
1 hour 00150, 2 hours .00200, 3 hours ,00300. Wrought-iron bar 1 hour —.0012, 
2 hours 3 hours .00i87,. 


STRENGTH AND IMPACT. 
Are Test Bars Strengthened by Impact ? 

It is a difficult thing to impart shock to a test bar without 
changing in some way the character of its surface. In every 
case the experiments described in this paper were made with 
pairs of test bars cast from one gate, and marked 1 and 2. No. 
1 bar was tested in its original condition as it came from the 
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sand. No. 2 was treated by impact. The two bars are then 
tested transversely on an autographic machine, and the variation 
of the record of No. 2 from that of No. 1 is considered the result 
of impact. Unless otherwise stated, the test bars are } inch 
square by 12 inches long. It is necessary to call attention to 
the following facts regarding cast iron: 

It is not an alloy, but a mixture of iron with from 5 to 10 per 
cent. of metalloids. This mixture is partly chemical and partly 
mechanical, and is not uniform. 

The strength of a casting is dependent upon the character of 
its crystals or grains. Large grain, or grains loosely interlocked, 
invariably produces weakness. 

The character of grain depends upon the size of the casting, 
upon the various local conditions attending melting and the 
entrance of the iron to the mould, and upon the chemical com- 
position of the metal. 

The lack of homogeneity is such that it is a rare thing for even 
the two test bars which are cast together to have the same 
strength. 

Taking all of these things into account, we must not attach 
importance to the variation of the bars of any single pair, but 
must consider averages; or it is better to consider tendencies. 
If the general tendency of the records of a series of tests is in 
any direction, it should receive consideration. If there are as 
many pairs of bars which show an opposite tendency, the fact of 


the tendency in one direction being greater does not necessarily 
show that the greater variation is caused by the treatment. 
One large variation on one side and several small variations on 


the other may show an average on the side of the large varia- 
tion, while such large variation may have been caused by some 
condition which cannot be located, and yet which is not caused 
by the treatment. Both tendencies and averages should be 
considered. If enough tests could be compared, tendencies 
and averages would agree. When the tendency is all in one 
direction, without exception, there can be little doubt of its 
reliability. The first method of imparting impact was : 
Shipping Test Bars by Railroad, in an ordinary box car, more 
than 1,000 miles, between Detroit and Chicago. Seven test 
bars were packed in excelsior so that they did not touch each 
other or the sides of the box; six bars were packed in contact 
with each other and were wedged so that they could not move. 
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Six bars were placed in a box so that they would always lie 

two deep and could move when a jolt occurred. Seven bars 

were placed in a tumbling barrel and tumbled two hours. The 

difference in strength between No. 1 bars, which were in the 

condition in which they left the mould, and the No. 2 bars, 

. which received the treatment, is shown in Table IV.. Series | to 
4 We know that the bars packed in excelsior would receive 
the least shock, those wedged tight a trifle more, and those 
_ packed loose must have jolted more or less. The results, there- 
; indicate that the bars were not strengthened | 


impact. 


rABLE IV. 
SHIPPED By Rat. 

Series 1. Serres 2 SERIES 3. SERIEs 4. 
EXCELSIOR. Wepcep Tier. Packed Loose. TumBLep 2 Hours. 

4 


Orig’l. Diff. Orig’l. Diff RR. Diff. Orig’l. Tumb‘d. Diff. 


365 420 65 


360 368 8 348 388 4 352 340 —12 

362 368 6 370 378 360 385 25 377 «400 23 
3865 350 —15 380 380 0 375 5 378 400 22 
365 380 15 B80 380 0 878 863 —15 416 31 
376 6B B80 400 20 $82 345 -—37 388 397 9 
882 365 —17 399 388 —11 395 350 —45 390 421 31 
B85 0 398 415 17 


371 369 —2 376 386 10 374 360 —14 | 383 410 27 


— 


It would not be safe to conclude that these bars were weak- 
ened, because there are too many variations of the opposite 
kind, and because all variations are within the amount of vari- 
ation of pairs of bars not treated at all. (See Tables V. and VIL, 
Series 5 and 28.) The tumbled bars, without exception, show 
large increase of strength. iy 


Blows Delivered on the Side of a Test Bar with a Ilammer. —— 


A thousand blows were given with a }-pound hammer to the 
side of a test bar, within one inch of each end, the bar being 
held in the hand by the other end. As the No. 1 bar broke at 
385 and No. 2 at 375, No. 2 was not strengthened by the blows. 
A test bar receiving 10 blows like the above broke No. 1 at 355 
and No. 2 at 360. In another case the average difference of four 
‘pairs of bars, of which No. 2 received the same 10 blows, was 
'.57 of a pound less for No. 2. In Series 7, Table V., with nine- 


= 
é 
4j 
« id 
a 


CAST IRON 


TABLE V. 


UNDER IMPACT. 


BLows. 
Series 5. SERIEs 7. SERIES 10. SERIES 13. 
Orig- Orig- _Differ- Orig- s Differ Orig- 6.000 Differ- ig- 15 iffe 
inal. inal. ence, inal. Blows. ence. | Blows. pony 
360 360 0 340 363 23 359 350 — 9 390 398 3 
360 315 850 350 0 365 365 0 400 420 20 
370 380 10 | 350 365 15 370 412 2 
370 394 24 353 364 1 375 338 —37 
375 370 5 858 355 3 875 352 —23 
862 385 23 882. 415 33 SERIES 14. 
380 360 —20 364 372 8 390 390 0 Oric- 18¢ iffe 
885 385 0 | 368 348 —20 390 485 15 
390 388 — 2 | 368 370 2 400 400 0 B60 B75 15 
392 397 5 | 868 3878 10 400 437 37 370 396 26 
395 360 —35 $70 362 — 8 425 426 1 375 B85 10 
400 432 32 370 368 — 2 429 412 —17 380 416 36 
402 406 4 370 380 10 440 445 5 385 380 — 5 
424 475 651 374 393 19 478 470 — 8 398 382 — 16 
$26 418 — 8 377 870 — 7 400 390 —10 
427 400 —27 379 357 22 398 403 5 400 412 12 
430 400 —30 395 372 | 402 396 — 6 | 
440 400 —40 396 3870 —26 404 391 —13 1 
440 43 —2 398 370 —28 : 420 380 —40 
445 440 — 5 420 400 —20 
463 430 —33 369 368 — 1 428 419 — 
402 309 SERIEs 11. 39 
Orig- 9.000 Differ- 
| inal. Bl s. ence, 
| SERIEs 8. 335 345 “10 Ori eae 
| 380 385 5 382 393 11 450 a oR 
geo 887 || 900 88 —5 || 
$83 381 — 2 390 396 6 
er- 383 383 0 26 43: 
400 400 0 426 433 433 450 17 
860 895 35 — 8 373 384 1 1 SERIES 16. 
362 358 — 4 3 2 Orig. 250,000 Differ- 
$76 372 —4 » 410 —85 400 406 6 
378 387 9 Serres 12. 440 435 — 5 
385 380 — 5 405 399 — 6 sii 495 490 — § 
388 345 —43 rig- 12,000 Differ- 495 500 5 
390 390 0 340 345 5 518 540-28 
398 343° —55, 375 388 1 
400 390 Orig- 8,000 Differ- 380 380 0 Series 17. 
Ue inal. Blows. ence. | 3888 402 14 
405 380 —25 335 342 || 395 
nod 7 395 394 — 1 inal. Blows. ence. 
7 408 483 25 345 «360 15 396 418 22 400 390 —10 
4 410 426 16 360 377 17 398 3830 —18 455 456 1 
427 370 395 420 25 402 378 —24 475 500 25 
430 430 0 400 398 — 2 406 440 34 4938 480 —13 
435 4:2 37 422 401 —21 430 430 0 500 525 25 
7 445 5 4385 400 —35 439 446 7 500 525 25 
1 385 385 0 394 399 5 471 480 9 
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teen pairs of bars, No. 2 bars received 10 blows with a }-pound 
hammer on the sides near the ends ; then they received 6 blows 
(3 on each end) with the same hammer; then 1 blow on each 
end with a 1j-pound hammer, 8 in all. In each case the bar 
rested on an anvil for side blows and on a wooden bench for the 
end blows. There was no gain in strength. 


Blows Dd, livered on the End of a Test Par. 


A series of 16 vertical compartments 1{ inches square and 12 
inches deep, with pine partitions 1 inch thick, and a cast-iron 
bottom 10 inches square and 1 inch thick, were arranged to 
be lifted suddenly 3 inches by a cam and allowed to fall on a 
solid foundation. Springs caused the compartments to fall 
faster than by gravity, leaving the bars to fall of their own 
weight on the iron bottom. Whether the bars in the compart- 
ments fell of their own weight or descended with the compart- 
ments, when the iron bottom stopped the bars would receive 
shock. They rebounded about 3 inches and fell on the iron 
bottom a second time, and did this several times, each fall being 
from a less height. The number recorded in the table is the 
number of times the compartments were raised, and the bars 
received at least twice that number of blows. One hundred 
initial shocks were given per minute. The records marked 
“ Original” for both bars are of pairs where both Nos. 1 and 2 
are tested as they came from the mould, and show the varia- 
tion to be expected in untreated bars. 

We must not ascribe any difference in strength to treatment, 
unless the difference always varies the same way, and is large 
enough to be more than the variation between the No. 1 and 2 
bars of original pairs, as Series 5. 

In the next record (Series 6, Table V.), the No.2 bar received a 
sharp blow from a }-pound hammer on each end. No. 2 bars of 
Series 8 to 17 received blows in the apparatus described. In 
explanation of the greater strength of both No. | and 2 bars of 
Series 15, 16, and 17, these bars were cast from a stronger iron 
mixture. (Also see remarks regarding smooth surfaces of test 
bars. ) 

There are in these series, taken as a whole, about as many 
variations showing decrease as increase of strength, while the 
averages show a slight increase of strength. The increase does 
not seem to bear any relation to the number of blows received, 
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: and is not sufficiently great or uniform to be of any use as a 
j 


i _ strengthening agent. There is no indication that the number 

_ of shocks imparted have weakened the test bars. It is almost 

4 safe to conclude that this amount of shock has not influenced 

cm the ability of the test bars to resist a dead load. The third 
method of imparting shock was— 

Tumbling Test Bars ina Tumbling Barrel, along with other cast- 

ings and with a large quantity of small hard stars. The records 

of a number of series of tumbled bars are given in Table VL 

TABLE VI 


SERIEs 18. SERIEs 20. SERIEs 21. Dunn Sertes 22 
No. Orig- Tum- Differ- Orig- 1 Hour Differ- Orig- 2 Hours Differ- Orig- 2 Hours Differ- 
Hrs. inal. bled. ence. inal. Tamb'd. ence. inal, d. enc ‘e. inal. Tumb'd. ence. 
1 373 385 12 309 345 36 285 387% t 400 500 100 
14 364 392 22 345 438 Se 285 i 448 570 122 
2 3873 390 850 445 i 290 455 540 85 
390 408 18 3875 205 460 500 
380 400 2 378 5 : B00 B65 f 490 550 
347 400 385 43 300 4: 502 820 
865 398 395 825 33 512 525 
+ 390 412 2% 400 330 3 520 528 
373 3895 22 408 372 345 42! -—— - 
410 j 348 3882 3 473 529 
433 5 365 400 
435 4 
Serres 19. 448 ‘ 315 


AY. Tum- Differ- 450 


bled. ence 455 Series 23 
430 12 398 , Record Franklin Institute Committee. 
‘ 
430 57 No. _ Original. Tumbled. Difference. 
The 5th, 6th, 1991.50 2897.19 405.6§ 
| 


400 27 1882.25 2328.50 446.25 
and 10th were 400, ‘|| 16 2127.06 2456.56 3829. 
the 9th 415. 15 2269.73 2566.00 296.2 


The difference between these series and those which received 
simple blows is that— 


Tumbled Test Bars are always Stronger than Companion Bars not 
Tumbled.* 


* See records of bars 1 inch square on page 378. 

So far as [am aware, this fact was first discovered by Mr. A. E. Outerbridge. 
of Philadelphia, Pa. He described this ina letter to me in the Jast part of 1894, 
and he published a description in 7ansactions of the American Institute of Min- 
ing Engineers, vol. xxvi., 1896, page 176. He explains the gain in strength by 
the ‘‘ mobility of molecules.” 
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Test bars made on various days in our foundry during the 
— cdast year were tumbled two hours, and the averages are given in 
Series 43 of Table X. Out of 87 of these bars, all except 9in- 
creased in strength. These bars may have become wedged so 


as not to have received any tumbling action. 


Test Bars 4 Inch Square Increase in Strength until they have been 
Tumbled Two or Three Hours, but not Materially by Longer 
Tumbling. 
(Series 18 to 21, Table VI., and Series 33, Table VII.) 
I have arranged most of the series so that the weakest No. 1 
bar comes first. 
I have just received a series of records of original and tum- r 
bled bars made by the Committee of Science and Arts of the 
Franklin Institute. The he bars were 2 inches by | inch 
_ by 24 inches, tested flat. I discarded the records of defective 
bars and arr: anged the records of perfect bars in the order of 
strength of the original bars, and then divided the list into four 
~ equal parts and took the average of each set. The averages are 
shown in Series 23 of Table VI. The records of the individual 
test bars of Series 23 will be published in a report by the Com- © 
- mittee of Franklin Institute. After arranging the first column 7h 
of each series with the weakest bars first and the strongest | 4 ge 
_ bars last, I thought that the differences between the No. 1, Lee 
: or original, and No. 2, or tumbled, bars showed that tumbling & 
strengthened the weakest bars more than it did the strongest 
bars; but when I plotted the differences of each series, I found ‘ 
that the same tendency was apparent inthe untumbled bars. The _ 
reason for this seems to be that the difference in strength be- _ 
- tween a No. 1 and a No. 2 bar cast together is due to a difference 
of grain (see Series 24) caused by some local condition, and 
therefore the weakest No. 1 bar did not necessarily have as 
weak a No. 2 bar, or the strongest No. 1 bar the strongest 
No. 2 bar. My first impression led me to think that tumbling 
removed the cause of weakness. The difference between tum- 
bled and untumbled bars which is most apparent is that the 
surfaces of the former have been rubbed smooth and have been — 
peened agi the blows received from other castings. It er 


- 


CAST IRON UNDER IMPACT. 
The Strength Gained by Tumbling is Due to Making the Surface 
of the Test Bar Smooth and to Condensing the Surface by ? 
Peening. 


This was proved by the following experiments. 


TABLE VIL. 


SMOOTHED AND POUNDED. 


| 
SERIEs 24, | SERIES 26. SERIES 28. Series 31. 


‘ te: Tiffer. Orig- Centre Differ- 
358 348 385 37 863 384 ‘ 338 400 
300 328 360 370 365 3878 ‘ 840 
300 350 362 391 2 365 382 
310 317 870 380 380 598 
384 328 875 370 — 5 | 388 370 402 
348 370 375. 392 
364 285 BID 397 
369 315 B80) 345 
310 367 | 387 «382 
398 300 390 


339 381 72 379 


371 379 ‘ 399 


SERIEs 32. 
Tumbled 3 Hours, 
Orig- One Spot Differ- Orig- Pro-  Differ- 
inal. Pounded. ence inal 


SERIEs 29. 


~ 


. tected. once 
4 


350 367 815 349 

353 370 17 345 382 
| 358 363 5 347-340 
| 


aa 


SERIES 25. 3875 —10 348 360 


Orig- Pol-  Differ- 359 366 7 


inal. ished. ence. 

856 345 349 362 

363 400 SERIES 27. SERIES 33 

Orig- Centre Differ- ig- except Differ- Tumbled 3 Hours. 
393 inal. Pounded. ence. inal. Centre ence. Orig- Tum-_ Differ- 
395 338 300 380 Pounded. inal. bled. ence. 
398 378 358 378 355 392 357 «391 34 
898 390 360 358 880 369 390 | 
400 385 365 380 5 374 369 405 36 
405 400 f 367 342 2 375 380 370 400 30 
421 395 372 396 B85 370 32 


SERIES 30. 


oo 


392 380 354 379 25) 384 


367 398 31 


=| 


The Removal of the Surface Weakens a Test Bar. 


The surface of both No. 1 and 2 bars in Series 24, Table VILI., 
was removed by polishing to make the surfaces and corners 
perfectly true. The object was to see if the variation in 
strength between No. 1 and 2 bars in any pair depended upon 
irregularity in the surface or in the crystals near the surface, 
and if by removing them the bars would show less variation. 
The result shows that the variation in Series 5, Table V., was 

due to variations in the interior structure of the bars as well as 
to the character of the surface ; and by comparing with No. 1 
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— of Series 25, which was made at the same time, it is seen 
that the removal of the surface has materially weakened all of 
the bars. ‘To collect further proof of this, the No. 1 bars of 
Series 25 were tested as they came from the sand, and the No. 
2 bars were polished simply enough to give a true surface. 
No. 2 bars are so much weaker than No. | that much of the, 
surface must have been removed in the effort to obtain a true’ 
surface. 


Smooth ing the Surface of a Test Bar without R. moving the Surface 
ngthe ns it. 


In Series 26 the surfaces of the under side of the No. 2 test 
: bars were smoothed with an old file simply to remove the pro- 
jecting points, the surface being cut as little as possible. The 

result is a decided gain in strength. Py 


SERIES 35. SERIES 36. SERIES 37. 
Fine Brass Sand. Stove Plate Sand. Machinery Sand. 
Original. Filed. Difference. Original. Filed. Difference. Original. Filed. Difference. 
S62 378 16 367 355 —12 332 S80 48 
355 378 8 375-385 10 | 390 425 85 
«393 360 —1i 377 306 19 360 B85 25 
- 375 378 3 395 396 l 379 440 61 
398 400 2 400 418 18 362 385 23 
“ 430 10 445 451 8 400 450 50 
380 387 ‘ 393 400 7 370 411 41 


Series 35, 36, and 37 are made with different grades of moulding 
sand, fresh sand with no facing or sea coal being used. There 
was no difference discernible between the surface of the bars of 
Series 35 and 36, but the bars made in the machinery sand, 
Series 37, were very rough. I have proved before that iron 
last poured from a ladle will make stronger test bars than th« 
iron which is poured first. (See Table IX.) To prevent this fact 
having any influence on these series, the flasks were located so 
that the flask containing the first pair of bars of each series 
was poured first in the order 35, 36, and 37; then the three 
flasks containing the second pair, and so on. The sixth pair of 
Series 37, being poured the last, should have been the strongest 
if there had been no local influence to prevent it. The under 
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surface of the No. 2 bars of each series was filed smooth with 
an old file. There was a decided gain in the strength in the 
No. 2 bars of each series. The surface of the bars made 
machinery sand was very rough, and the gain from smoothing 
was therefore much greater. A close inspection of these records 
will be of great interest. The average of the No. 2 bars shows 
a gain in strength of about 11 pounds in each series due to the 
later pouring. No. 1 bars of the stove plate series are 13 
pounds stronger than those made in brass sand, and no doubt the 
weakness of No. 1 bars in the machinery series is due to the 
projecting irregularities of surface caused by coarse sand, 
because a removal of these rough projections restores the 
strength in No. 2 bars. This weakness of the No. 1 bars of the 
machinery series and the increase in strength in nearly all 
cases of the No. 2 bars of all three series proves that a smooth 
surface makes a stronger test bar, provided the surface is not 
removed. Ly filing, some of the surface is necessarily removed, 
while by the pounding i ina tumbler none of the surface is removed. 
Sea coal in machinery sand prevents the iron penetrating the 
recesses between the coarse grains and makes a smoother casting, 
and perhaps the last iron from the ladle, being colder and less 
fluid, will not take a sharp impression of the mould, and thus it 
may have a more even surface. 


Smoothing the Surface of a Test Bar by Pounding with a Hammer 


Increases its Strength. 


Te this case, Series 27, Table VIL, nothing is removed, and 
the projecting roughness is driven into the surface. The under 
surface, for 4 inches at the centre, received 1,000 light blows 
from a $-pound hammer. ‘The rest of the surface was not 
touched. The gain is equal to that by tumbling. 


Pounding the Surface of a Test Bar Strengthens it by Condens- 
ing the Grain. 


_ A new pattern was used for the series of tests 28 to 33, and 
for those made afterwards. To insure the utmost accuracy the 
greatest care was taken to have all corners right angles, both 
dimensions .500 inch, and all surfaces true. It happened that 
with Series 28, in which both Nos. 1 and 2 bars were tested just 
as they came from the sand, the amount of variation in strength 


was no less than before. In Series 28 the average strength of 
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the No. 2 bars was 7 pounds stronger than the average of No. 
1. As each series from 28 to 33 were poured from the same 
ladle, it may be taken that all No. 2 bars were 7 pounds stronger 
than No. | before treatment; that is, 7 pounds should be sub- 
tracted from each before comparison. Or, if thought best, the 
variation in Series 28 may be considered an exception, for in 
other series made afterwards the bars were nearly alike. This 
is another example of the danger of noting individual or small 
variations. In Series 29 each of the No. 2 bars received 1,000 
blows in one spot near the ends from a $-pound hammer to as- 
certain the influence of simple impact. Compared with Series 
28 there is no gain. The No. 2 bars of Series 30 received 1,000 
blows from the same hammer, distributed over the whole sur- 
face except for 14 inches at the centre, which was left untouched. 
«At the point of fracture, therefore, the surface of No. 2 was the 
- same as that of No. 1. The No. 2 bars were stronger than No. 
4 indicating that some of the gain in tumbling may be due to 
peening the surface of the bar. Another bar, treated in exactly 
the same way, stretched two and one-quarter thousandths of an 
inch by the blows, but No. 1 broke at 390, and No. 2 at 395. 
The bars of Series 31 received 1,000 blows from the same 4$- 
pound hammer on the under side for four inches at the centre, 
so that the surface at the point of fracture was both smooth 


was equal to the gain by tumbling (Series 33). 

To avoid the possibility of a mistake, I adopted another 
method of separating the influence of blows on the surface and 
smoothing the surface. Each of the No. 2 bars of Series 32 was 


covered by two thicknesses of ductile sheet iron, so that no 
direct blows could reach the surface of the bar, and the surface 
ould not be rubbed. These protected bars were tumbled three 
hours along with the No. 2 unprotected bars of Series 33, and 
with other castings. The No.2 bars of Se:ies 32 and 33 must 
have received the same treatment. The sand on the under sur- 


= peened. The gain in strength, like that of Series 27 and 31, 
~ 


face of the No. 2 bars of Series 32 was apparently undisturbed, 
asinthe No.1 bars. If there was a gain in strength, it was 
probably due to the blows on the surface acting through the 
sheet-iron covering. 

In Table X., Series 39 and 40, several test bars from pig- 
irons were tumbled three hours while protected by one thickness 
of sheet iron. The surfaces were pounded quite smooth and all 
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sand was worn off, and the influence is less than the same iron 
tumbled without cover. The regularly tumbled bars of Series 33 
show the same decided gain in strength as in all cases of milling. 
The bars which received from 0 to 100,000 blows, Series 5 to 
17, Table V., were tested before it had occurred to me that the 
smoothness of the surface had anything to do with strength. 
The bars receiving 10,000 blows were worn quite smooth. Not 
expecting anything of this kind, I had placed four in a compart- 
ment of the apparatus for imparting blows, and they rubbed 
against each other, and when taken out had perfectly smooth 
and bright surfaces, which were no doubt peened more or less. 
Noticing this, in bars receiving a greater number of blows I 
rubbed the surfaces of No. 1 bars near the centre quite smooth 
with an old file, and may have injured the surface somewhat. It 
was this experience which suggested that smoothness might in- 
fluence strength of castings. It was after this that the experi- 
ments with polished, smoothed, and pounded surfaces were 
made. If I had not noticed the smoothness of these No 2 bars 
and had tested the No.1 bars without smoothing the surface, 
the No. 2 bars might have shown a greater gain in strength, 
with resulting conclusions very different from those finally 
arrived at. 
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ARE TUMBLED CASTINGS ANNEALED ? © 


In 1894 I published the following record, Series 38, Table IX. 
(Transactions A. S. M. E., vol. xvi., p. 568). This record shows 
_~ annealing by heat causes a test bar to become longer. If 
- the test bar before annealing is weak on account of brittleness, 


. it grows stronger; but if, as in this case, it was not brittle, an- 


eating weakens it. Deflection is increased 35 per cent. 


Total carbon remains the same ; most of the combined carbon 
is angen into graphite. All other elements remain substan- 
In annealing by heat the test bar is heated 

n ails to re i and is thereby lengthened to the utmost ex- 
tent and held there long enough for the carbon to change to 
graphite and for the crystals to rearrange themselves. When 
the casting cools, it does not regain its former length, but is 


Tumbling t reverses this process, and, by pounding, stretches 
the sides and presses apart the crystals of the inner portion of 
the test bar, and increases its total length. It has just been 


urs 
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Description of Treat- 
ment. 


Shrinkage. 
Silicon. 
Phosphor. 


Elongation 
and 


Sulphur 
| Manganese. 


Not annealed 
Annealed by heat,... 


Difference 


of heat 16 3S 1.025 123 49 
Last of heat 3.14 1.055 .100 


780 Ist bars from one ladle.) .12: 

Difference 
Ist bars from one ladle. 

| Difference 


No. 1 Bars One pair 415 : 3.09 2.99 10 
No. 2 Bar \ Same gate..!......) ! 3.12 3.” 10 


| at 300 
May 26 Original not tumbled...) . 36. | 3.20 3.05 .15 


May 26 Tambled 2 hours ls 175 

Difference 
May 27 Original not tumbled... 
May 27 Tumbled 2 hours... 


c Difference 008 J 12-. ALS 0 —.013 


Dunn Original not tumbled... 48 .1175)| 3.55 2. .558 


May 27 Same as above 
May 27 } same original bar 
tumbled 6 hours 


Difference 


Determinations by a, E. E. Klooz ; /, Cary & Moore ; ¢, Dickman & Mackenzie. 


proved that the increase of strength by tumbling is partly 
caused by a removal of the roughness on the surface of the 
casting, and by rubbing off all notches in the corners of the test 
bars. 

I called the attention of Messrs. Dickman & Mackenzie, chem- 
ists, 1224 Rookery Building, Chicago, to the statement of Mr. 
Outerbridge, that chemical analysis of tumbled bars did not show 
any change in composition, and suggested that they should find if 
this statement was true, and that to do so would require the most 


> CAST IRON UNDER IMPACT. 
rABLI 
Fs 
2.0 | | 0|.05| o 
4 
« 
; 
1.168 .078 .398 
3.06 .18 8.97 1,257) .081) .411 
3.18 17 4°23 7 
| 
i 
4 
iq 


372 GAST IRON UNDER IMPACT. 


careful analytical work that could be done. They at once under- 
took the work, with results shown in Tables IX. to XIV. Re- 
garding the determinations, Mr. Mackenzie writes: “I am frank 
to say that in all cases where total carbon shows an increase 
after tumbling, I am disposed to credit the same to the personal 
error of chemical analysis, since there can be no creation of 
carbon in the bar, but merely a rearrangement of molecular 
structure which should not affect the total, but may affect 
merely the proportionate amounts of the two carbons.” 


CHEMICAL COMPOSITION AND IMPACT. 

Aside from the question of the relation of strength to the 
chemical composition, which is referred to later, the large 
number of records of pig-irons will allow a comparison of the 
increased strength by tumbling test bars with their chemical . 
composition. The white and mottled samples did not show 
any flaw in the fracture, but it is hardly likely that any treat- 
ment influenced the strength of any of these bars. The tumbled 
(No. 2) bars of these two irons would probably have broken 
at the same load if they had not been treated. Regarding the 
Iroquois, Hinkle, Southern, and Bretting bars, there were 
two or three of each set of these bars left from the tests made 
in 1894 for the Committee of Tests of the American Society 
of Mechanical Engineers. These bars were all tumbled two 
hours, and the averages of the strength are shown as “ tumbled” 


TABLE X., 


| 
Series 39. Series 43 
Series 41. 
Pie-IRon. | PROTECTED BY FounDry Castines. 
Sueet Iron. “ AVERAGES FOR ONE YEAR. 


| 


in Length. 
Original. 


Difference. 
Decrease 
in Length. 
Average 
Elongation 
per Foot. 
Original. 
2 Hours 
Tumbled. 


Original. 
| 5,000 Blows. | 
Difference. 


| Difference. 


00025 42 2 t... 170 to 160 
358 —28 160 to 150 
00100) 003% 35 355 5 150 to 140 
.00138 378 390 2 — 00418) 406 —18 140 to 130 
.00100, 492. 395,— 7 — -00431) 353 365 12 Under 130 


Series 40. Series 42. 
2 F. Woodward .00025) 340! —10 —.00187) 355) 32 
2 soft open, Rock- | —.00050 372 8 
2 “ close.) wood. —.00075 330 265 35 


Close Silvery De Bar. — ,00025 2: 220) & —.00100 200) 218 
Open “ - — .00125, 400 390 —10 —.00088 406) 390 


_ The analyses of Series 44 also represent the composition of Series 39 and 41 ; and the com 
tion of Series 40, 42, and 45 are alike. 
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TABLE 


Series 44(a). De Barpe- 
LEBEN. 


00200 893 467 
00200 382 436 
.00212 370 382 


1 Foundry ...... 


No. 


Serres 45 (b). 


2 F. Woodward ..... | 


2 soft open} Rock- ; 
2 ** elose wood. 
Close Silvery De Bar.| 
Open 


A’ aalysis by (a) Dr. W. 


.00000 483 417 —16 
.00094 871 363 — 8 


. 00262 335 


.00350 375 402 


tion 
yt. 
hitic 
yon. 


Foc 


lon 
Total 
Carbon. 


per 
Original. 
Difference. 
Car 


E 
Gra 


2.42 


741. 


74 
m4 
12 


374 
.00162 362 391 
00137 847 890 


.00237 218 255 


Silicon. 


36 


.965 1 
702 


Phosphor. 
Sulphur. 
Manganese. 


.60 
.60 


aS 


.661 . 
.206.. 
.060 .02 
.830 


> 
= 


5 


TABLE XIL. 


B. Phillips, 8. Beeson. 


SERIEs 46. 
Dayton Pie- 
lnon. 


per Foot 


Elongation 
in Inches. 


No. 2 Mill.... 
Mottle....... 
No. 24 F dry. 
Open Bright.. 


-00150 
.00L00 


.. .O0000 
No. 1 Mill...).00150 
No. 2 F’dry.. 
Open Silvery 
Close Silvery. 


.00250 
.00125 


00050 


Total 
Carbon. 
Combined 
Carbon, 
Silicon, 


Original. 
Difference. 


1.18 
.381. 
.48 1. 
401 
2. 


448 
880 
419 
103 
395 
393 
451 
409 


= 


me 


to 


877 
. 882 
310 1. 
531 
9461.5 
040 1.4 
.42)2.2901 567 
.18)4. 157)1. 28 
3.% .18 4.349 1.5 


1.79% 


Sulphur. 


0390) 
.0420| .2 
2 .0200 
.0236 
9 .0190 
027 
.0227 
O186 
.0180 


Analyses of carbons by Dickman & Mackenzie, other elements by Harry 8. Fleming. 


TABLE XIII. 


Serres 47.—Pic-IRon.| 


Batffalo No. 2, plain) 
Buffalo No, 2 


Buffalo No. 1..... | Jace 


Licking No, B1 


Total 
Carbon. 
Carbon 


2 Hours 
Tumbled. 
Difference. 


Combined 


Carbon. 


Graphitic 


| 


418 
401 
373 


uw 


Silicon. 


.88 3.46 
.34 8.64 
.35 8.99 


.71 3.74 2.38 


Phosphor. 
Sulphur, 


| 


.B4 


-620 1.50 
.020) 1.50 
.020, 1.59 
44 


Analysis of Buffalo by O. O. Landig; of Licking, Harry 8. Fleming. 


9 
2. = 31 md 
2 y 24 
2.17 | 27 
89 |.....|.....| 268 
20 |.....|.....| -80)1.78 441 
= 
433 - 
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TABLE 


XIV. 


MIXTURES WITH 
Sirtcon Iron. 


SERIES 48. 


Series 49. 
Hinkle 7 


SERIES 50. 
Southern 14 ..... 

SERIEs 51. 
Bretting 16....... 


Analysis by Dickman & Mackenzie, 1224 Rookery Building 


in the table. 


Elongation 
per Foot 


.00200 
00250 
.OO175 
.00225 


00200 
. 00200 
.00225 
00250 
00200 
00200 


.00150 
. .00200 


.00200 


378 


837 
364 
403 
422 
448 
491 


374 
407 
351 
444 
504 
440 


304 
445 


424 


Difference. 


3. 


56 


Graphitic 
Carbon. 


Ce 


2.70 


1894. 
therefore of bars cast in pairs from one gate. 


Combined 


.86 1 


The 


Silicon. 


= 


He Ce 


86 


Phosphor. 


.211 


270 


284 


3800 


201 


. 164 
258 
211 


, Chicago. 


The strength shown as “original” is the 


of nine or more bars tested in records 


In the 


Sulphur. 


| 


056. 
.082 
.017 


.029} 
.021 
080 
. 031 


093 
. 088 

| 
.025 


average 
not 
Dayton 


are 


series the six bars were each cast from its own gate, and in 
different flasks, but bars of each iron were all out of one ecruci- 
ble. The bars had been in my testing room for ten years. 
Three bars of each iron were taken as original, and three were 
tumbled two hours. These records are not as directly comparable 
If bars had 
been cast in pairs, there would probably have been no cases where 
The series which has been kept ten 
years show that tumbling influences old castings the same as new. 
The test bars for Tables XI. and XII. were cast in pairs for 
this paper, and the records of bars tumbled three hours, Table 
XL., is the average of two pairs of bars in each case. The record 
of protected bars, tumbled three hours, Table X., is of one pair 
of bars of each kind of iron. The record of bars receiving 5,000 
blows, Table X., is the average of two pa 8 of bars in each case. 


as if they had been made from bars cast in pairs. 


a loss of strength is shown. 


ir 
“4 


> 
= 
| 
Iroquois OOTOH 48 8.8? 2 36 1.4¢ | 
4 14 3.69 3.21, .4 0 
20 3.38 3.01) .3 13 1 
36 4 78,1.24, .91, 17 
12): 17.67 1.16 37 
61 00 .82 2.56 8 
“ 12 —16 3.34 9.07 .27 2.77 
16 3.15 2.89 .26 2.70 
16 3.13 3. 90 
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The records of Series 43, Table X., were of bars made during 
a year and tumbled, and those having the same shrinkage 
were grouped. The highest shrinkage indicates least silicon. 
Taken as a whole, these records indicate that— 


Test Bars of Gray Iron Containing Least Silicon Gain Most by 
the Process of Tumbling. 


Such iron takes a closer copy of the mould, while iron contain- 
ing more silicon does not burn into the sand as much, and there- 
fore makes a smoother surface. 

In half-inch bars from any one mixture, up to 3.50 per cent. of 
silicon, each inerease of silicon generally adds to strength. The 
surface being already smoother, the proportionate gain in 
strength by smoothing during tumbling is not as great as with 
bars containing less silicon, which have a rougher surface to 
begin with. The bars which were protected, Table X., were 
smoothed somewhat, but not anything like as much as when 
unprotected. The test bars which received 5,000 blows on the 
end were not smoothed, and show no gain in strength. 

I am not able to discover any relation between the chemical 
composition and the gain in strength except as it affects the 
roughness or the softness of the surface. Mr. T. 5S. Beeson, 
chemist at Niles Tool Works, Hamilton, Ohio, very kindly 
volunteered to make analyses of the series of five pig-irons, 
Series 45. All of these chemists deserve the thanks of those 
interested in cast iron, for the immense amount of work that 
they have been willing to do in the interest of original research. 
This paper would lose much of its interest if it lacked their 
contribution. 

I also asked Messrs. Dickman & Mackenzie to ascertain— 


What Chemical Change will Account for the Difference in Strength 
hefween st Pars not Tumble d ? 


Although this question has nothing to do with impact, yet it 
is a vital question to those who are inquiring whether chemical 
or mechanical analysis is best able to account for physical 
changes. 

The mixture from which the test bars of May 26th and 27th, 
Table IX., were made, was an all pig mixture except 5 per cent. 
of stove-plate scrap, and was the same so far as the eye could 
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tell, and had been running for eighteen days. The analyses 
of both were made as carefully as was possible, and show no 
difference in chemical composition. The grain of the bars of 
May 26th was open and coarse, while the grain of the bars of 
May 27th was fine and close. 

As this question is of great interest, especially to chemists, 
and as it is a rare thing to have records of as many irons with 
complete chemical and mechanical analyses, I have made the 
collection still more complete by reproducing the first records 
in Table IX. I also asked Messrs. Dickman & Mackenzie to 
find a cause for the strength of the Dunn test bars. Mr. Wm. 
Dunn, of Canastota, N. Y., sent these bars to me. He said he 
used 2,000 pounds of a pig-iron having analysis: G. C. 3,30. 
C. C. 0,19. Si. 2,387. P. 0487. S. 0,028. Mn. 0,48; also 1,300 
pounds of stove-plate scrap. He did not send an analysis of this 
scrap, but I have the following analysis of Albany stove plate, 


made nine years ago, which would probably fairly represent 
his scrap: G.C, 2,846. C.C. 0,311. 5i.2,90. P.1,027. S. 0,054. Mn. 
0,252. He also uses 700 pounds of his ownscrap, which would be 
represented by the Dunn analysis of Table IX. We can roughly 
calculate what the chemical composition of his castings should 
be. To be safe, I took the silicon of the stove-plate scrap as 
2,75. Messrs. Dickman & Mackenzie calculate that his mixture 
should contain G.C. 3.15, C.C. 0.279, Si. 2.39, P. 0.665, S. 0.38, 
Mn. 0.421. The total carbon ecaleulated would be 3.39, and 
analysis showed 3.55, a gain of 0.121. The silicon in the casting 


is 0.61, or 25 per cent. less than it should be by this éalceulation. 
The P. in the casting was 24 per cent. less than it should be. 
Some chemists claim that the elements in a casting can be 
calculated from the elements put in the cupola. By this 
method it would seem that Mr. Dunn had added from 10 to 25 
per cent. of steel scrap in the cupola. The appearance of the 
fracture of the test bar suggested this. I have received no 
reply to my question as to whether steel scrap was added. 
The addition of steel scrap will, in almost every case, increase 
the strength as much as in this case, while pig-iron, with exactly 
the same analysis, will not give as strong castings. In other 
words, the increase in strength is not due to the chemical 
change, but apparently to a mechanical en pure 
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Table V 


sss ‘PESTS OF BARS ONE INCH SQUARE. 


I. 


OF 


TESTS ON 


Treatment, 


Normal. . 


Jarred ... 


Normal 


Jarred 


Jarred... 


Jarred 


Jarred 


Normal ., 


| Tumbled 
| 
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TABLE XV. 


28 TrRon-Bars LOADED 


SUPPORTS 13 INCHES APART. 


Break 


IN 


Final Mc dules 
Load. Def. Rupture. 
12110 0.11 38,270 
' 2,400 0.14 43,170 
081 12,380 0.15 42,000 
bal 000 2,260 0.154 39,200 
| {2,810 | 0.196 | 42,700 
on (23.44 0.139 44,680 
2,244, 0.152 39,920 
bal 2,126 0.141 39,220 
A= 1.085 | | 0.168 | 88,750 
12,156 0.177 88,850 
4=1.087 0.162 41,360 
b=1.085 
2=1.040 9.398 | 0.162 | 41,080 
2,150 0.160 39,250 
| 2,204 0.164 40,387 
2,232 0.164 40,811 
A= | 19,960 | 0.145 | 42,356 
A=1.087 | 12,490 | 0.152 | 48,285 
| 12,400 | 0.142 | 48,120 
| | (0.124 | 38,355 
‘| 2,355 | 0.138 | 42,690 
| 12,200 | 0.128 | 39,820 
2,300 | 0.153 | 41,425 | 
| 0.187 | 42,890 
‘2,094 0.185 | 20,815 
49.469 | 0,187 | 43,800 | 
2.400 | 0.186 43,950 


THE 


Modulus 


Elast icity. 


10,700,000 
9,550,000 
7,750,000 
7,250,000 

10,100,000 
8,950,000 
8,200,000 
9,700,000 
7,300,000 
7,180,000 
7,900,000 
7,500,000 
7,310,000 
7,850,000 
7,570,000 
7 860,000 
8,750,000 
8,470,000 
8,850,000 
8,900,000 
8,915,000 
9,394,000 
8,900,000 
7,750,000 
9,200,000 
8,770,000 
7,300,900 
7,750,000 


CENTRE 


| 
| 
| 


The following tests by Prof. J. B. Johnson, of Washington 
University, St. Louis, did not arrive m time for insertion after 
The pair of bars No. 1 was made early, and No. 


late, the same day; Nos. 3 and 4 the next day, and so on. 
y> 


9 


_ 


pe 


ON 


Resilience 


in lbs. 


per cu. in, 


8.80 
13.00 
12.835 
11.985 
12.500 
11.68 


< 
: 
4 
| 
14.60 
14.10 
14.50 
14.400 
4.200 | 
10.50 
15.10 
Tumbled ....... 13.50 i 
Normal......... 16.20 H 
« 
Tumbled ....... 11.40 
Tumbled ....... 18.40 


TABLE XVI. 


Bars, 1-INch SQUARE | BREAKING Loap—}-INCH SQUARE SECTION 


Breakine Loap 


Supports, 12 INCHES APART. oF 1-Incn Bars 12 INcuEs Lona. 


Differ- 


Original. | Treated. — || Original. | Treated. once. 
> 1 | 2,282 | | | 2,585 303 285 - 3233 38 
2 | 2568 | 8B 2,434 | —129 320 304 
q 2,487 <= 2.524 37) Bll < 316 5 
4 | 2,417 = 2,289  —128 | 302 > 286 —16 
| 

2,437 = 2,458 21 | 3804 BS 307 | 3 
5 2,309 2,322 13 | 290 | 2 
6 | 2588 | 2,517 —16 317 3155 
7 | 2,091 SF | 2,315 224 261 x2 289 | 2 
8 | 2.470 | wo | 2,404 —66 308 =< 300 —8 
2,351 2,392 41 294 299 5 

¢ 

9 | 2,542 2,682 140 318 | 335 17 
10 | 2585 | Be | 2,77 193 323 a 347 24 
11 2,302 Ss 2,536 234 || 288 7 = 317 29 
12 2,370 c= 2,57 204 = 296 as 322 26 

2,450 | * 2.643 193 || 306 330 24 
13 | 2,479 | Sy | 2,255 | —224 310 282  —28 
14 2,651 23 | 2,585 — 66 331 23 3233 —8 
2.565 | Geo | 2420  —145 | 320 ee | | 


Table XV. shows the records of bars sent to Professor John- 
son. In Table XVI. the loads are calculated for supports 12 
inches apart, and the loads for a }-inch square section of each 
bar are calculated, to allow comparison with preceding tables. 

The strength of a }-inch square section of a l-inch square 
test bar is not nearly as strong as a test bar cast $ inch square 
from the same iron, because the slower cooling of a large cast- 
ing increases the size of the grains, which decreases strength. 
(See Transactions, vol. xvii., pp. 685 and 717.) Professor Johnson 
says: “We have observed the effect of blows endwise on the 
length of two bars 1 inch square and 50 inches long (measured 
with micrometer), and find that a single blow shortens the speci- 
men very slightly, but the results are discordant.’ 

In many of my tests a number of blows would shorten a bar, 
a like number might make any change, or else a part of the 
previous shortening might be lost, but the general tendency was 
a shortening, though the total amount in any case was very 
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FRACTURE BY SHOCK. 


This paper does not bear upon this subject atall. Resistance 
to fracture depends upon the cohesion and interlocking of 
grains and upon the brittleness of the metal. The shock here 
considéred does not change the form of the test bar, and was 
not sufficient to produce fracture. This paper measures the 
influence of simple shock by tests of dead load. 

If a load be gradually applied transversely to a test bar, it 
will deflect the centre of the bar a certain distance. If the 
same load is suddenly applied to the same bar, it will deflect 
the bar twice as much, and if it is not fractured, the test bar will 
spring back, carrying the load with it, and after ceasing to 
vibrate will settle with the load at the point which it would 
have reached with the load gradually applied. Partially viscous 
bodies, if not too hard, will not break by a force slowly applied, 
but if bent suddenly will break. Cast-iron takes set at each 
increase of dead load. How far each grade of iron will resist a 
load suddenly applied must be determined by a test of each 
iron. This subject has received very: little attention. The 
general principles of impact are treated very fully in “The 
Materials of Construction,” by Prof. J. B. Johnson. 


Mr. William Kent.—It seems to me that these phenomena of 
increasing the strength of cast iron by peening it or hammering it, 


are all of the same nature as the phenomena shown in increasing 


the strength of nearly all metals by any change whatever in the 
position of the molecules, if that change is slight; that is, wire- 
drawing, cold rolling, cold hammering, bending, twisting—all these 
motions will increase the strength and the hardness and decrease 
the ductility of all metals, so far as I know; certainly brass, 
copper, steel, iron. They are thus made stiffer, so that it is not 
unreasonable to suppose that the same phenomena would happen 
with cast iron, provided the pulling apart of the molecules is not 
too great. If you hammer a piece of iron it appears that you 
will increase its strength. If you hammer it too long, or too hard, 
you will break it. In the same way in drawing wire: if you draw 
it just enough, you will improve its strength; if too much, you 
will make it brittle. 

Mr. Strickland L. Kneass—This paper by Mr. Keep certainly 
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— a commendable amount of industry, but it is doubtful if it 
can be regarded as a final contribution to the literature on the 
“ Behavior of Cast Iron Under Impact.” Even a hasty reading 
gives the impression that the author is not sure of his ground, 
while it is obvious that his theorems are not always proved, nor 
his material thoroughly digested. The line of his experiments 
would seem to be too narrow to allow the validity of his general 
conclusions, while others are based on measurements of rough 
eastings, from which a deviation of from to Inch 
would entirely upset his deductions. Several contradictions 
oceur, one of the most unfortunate for the author's theory being 
on page 354, line three, where he states that of eleven test bars in 
le m, six had grown shorter, four were unchanged, and one had 
grown longer, while on page 358, last paragraph, “ All tumbled 
at ars reported i in this paper were measured, and gained in length. 
~The gains of a number of bars are given in Table IIL., Series m, 
showing the gain at the end of each half hour, ete.,” so the reader 
‘is left in doubt as to the facts, and it is impossible to discuss intel- 
ligently this part of his paper or the appended tables. Another 
table containing some very interesting statements, if true, is the 
last part of IX., where the author shows that the effect of tum- 
dling i is to increase the total carbon, in one case as much as 0.13. 
‘This statement is so extraordinary that it would require many 
‘more experiments than given, to prove that the total quantity of 
one of the constituent elements of cast iron could be changed by 
mechanical manipulation; yet, if these tables are incorrect, no 
strength is added to the confidence in the accuracy of the figures 
in the other tables. 
Referring to the more important part of the paper, the follow- 
ing theorem is noted. “The strength gained by tumbling is due 
to making the surface of the test bar smooth, and to condensing 
the surface by peening.” 
This is apparently laid down as a general law, and is stated as 
proved. There is no doubt that tumbling increases the trans- 
-_-verse strength; but the author’s conclusion cannot be accepted 
entirely. Table VII. indicates a gain in strength in all the series 
in which the bars were pounded ; namely, 27, 29, 30, and 31. If a 
7 bar be of the same cross-section, and homogeneous, it would 
necessarily break at the centre under these transverse tests, and if 
_ peening produces the increase in strength, it would have to be 
done at the centre to obtain any gain. But here, no matter where 
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the bar is treated, there is an increase in transverse strength. 
Further, according to the author’s theorem, end blows would not 
produce this effect. His own Table V. proves that they do have 
some influence, although, of course, not as great as tumbling. 
Taking the average of the Series 9 to 17 inclusive, where the bars 
were treated with 3,000 blows and over, there is a gain of seven 
pounds. It is true that the effect of side blows upon soft iron bars 
is to peen the surface and to increase the strength; but it is the 
contention of the writer that this is not the sole cause, and that 
Mr. Keep’s own tests show the fallacy of his theorem. In a paper 
read before the American Society of Mining Engineers, in 1596, 
Mr. A. E. Outerbridge gives the results of a large number of ex- 
periments with cast-iron bars, one inch square, subjected to side 
and also to end blows; he found the effect was the same in both 
cases. Subsequently the Franklin Institute made a special exami- 
nation of the subject, and in a report, which corroborated the re- 
sults obtained by Mr. Outerbridge in his original experiments, 
agreed with him in his theory as to the probable reason for the 
increase in strength due to tumbling. Through the courtesy of 
Dr. Wahl, Secretary of the Franklin Institute, the writer was given 
access to this special report, and is permitted to state that the aver- 
age gain in transverse strength of ninety-two bars over their com- 
panion bars, due to tumbling, was over 18 per cent. The theory 
advanced by Mr. Outerbridge to account for his observations was 
that of the “ Mobility of the Molecules of Cast Iron” at ordinary 
temperatures, and that the increase of strength is due to relief of 
internal strains, due to vibration. These vibrations may be pro- 
duced by tumbling, by end or side blows, or in any manner de- 
sired. The tests made by Mr. Keep were made with bars of 
one-quarter the sectional area, although of the same length as 
those used in Mr. Outerbridge’s tests, and it is possible that this, 
as well as the entirely different quality of irons used, would 
account for the comparatively small effect produced by end blows 
in Mr. Keep’s apparatus. The former used ordinary foundry 
iron; Mr. Keep probably stove-plate iron, containing twice as 
much silicon. It seems, therefore, that the author's experiments 
were carried on in too narrow lines to justify his generalized 
theorem as cited above, and his own tests seem to be best ac- 
counted for by the more scientific theory. 

Mr. Thos. D. West.—On the third page of Mr. Keep’s interest- 
ing paper he says: “It is difficult to determine whether the 
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CAST IRON UNDER IMPACT, 
shortening which follows am end blow is caused by general re-ar- 
rangement of crystals or by an upsetting of some portion of the 
bar. If the latter, cast iron is upset by a very slight blow.” 
Experienced founders know that cast iron can be readily upset. 
Many utilize this quality to disguise cracks in castings. This is 
done not only with cast iron, but with steel as well. Castings 
~which would have been condemned on account of cracks, could the 
engineer or inspector have seen them, have been closed up so 
neatly, by means of peening, that the man doing the job could 
not readily tell where the crack was from appearances. It is 

a common thing in founding to flatten out spots or portions of a 
gray iron casting. The softer the iron, the more readily such is 
done. The blows which shorten’ a piece of iron can, by tact in 
_ peening, also lengthen it. Crooked castings are often straightened 
ir out by founders by merely peening the concave surface. The 
two elements just cited illustrate the principle involved, permit- 
- ting Mr. Keep to lengthen or shorten thin bodies of cast iron. 
The last two lines on page 354 say: “If further experiment 

should show that the casting becomes shorter when struck with a 

hammer, it will in part explain the frequent cracking of castings 

by rapping off the gates, as in the case of a pulley with light 
arms. If a blow exerts this influence, we can understand the 
frequent change in shape of many castings.” The writer's views 

r on this point are that the cause of the cracking of pulley castings, 
onl etc., is not of any change in length created by reason of rappings, 
; but the difference of proportions in castings causing unequal 
contraction of its parts, which, when jarred by a blow, causes the 
part stretched or held in union by strains to separate, thus giving 
us our cracked castings. This is a quality often proved by 
changes in the temperature of the atmosphere, causing castings 
to crack of their own accord which had never received blows of 
any description. 

On page 375 Mr. Keep says: “ In half-inch bars from any one 
mixture, up to 3.50 per cent. of silicon, each increase of silicon 
generally adds to strength.” If this means anything at all, it as- 
serts that a half-inch square bar will define the strength of any or 
all grades of iron and make the result to agree with the actual re- 
sults found in testing strengths by tensile strain, hydraulic pres- 
- gures, etc. The writer has never seen a series of tests with half- 
inch _~=bars, ranging through the different grades of iron (or even 


in one grade alone), that showed a uniform increase in strength 


4 
‘ 
is 
q 
x - 7 


~ 


CAST IRON UNDER IMPACT. 


from the weakest to the strongest iron, which has been displayed 
by bars of larger size. To illustrate this quality more forcibly, 
the following table is presented. 


. 
_ TRANSVERSE AND TENSILE TESTS OF SPECIALTY MIXTURES. 


Transverse Tensile Transverse 
Specialty of Mixture. Strength 1) Strength 1} Strength § 
Round Bars, Round Bars. | Square Bars. 
Pounds. Pounds. Pounds. 
2,980 30,100 | 265 
2,657 28,676 | 395 
Light 1,931 21,120 | 454 


A study of this table shows the half-inch bars very erratic, and 
bearing little relation to the uniformity in the increase of strength 
exhibited by the 1{-inch round bars. The transverse tests were 
obtained from bars tested 12 inches between supports. All tests 
here given are from solid bars, and are taken from a series of 100 
tests, which the writer presented in a paper on “Specialty Mixtures,” 
about two years ago, to the W. F. A. The test bars were cast by 
some of our leading foundries and tested by authorities in such a 
manner that the figures presented can be supported as reliable. The 
transverse and tensile strengths of the 1}-inch round bar will be 
found a most excellent guide for any desiring coefficients for figur- 
ing the strength of cast iron in its various grades as coming from 
practical founding. The table also exhibits what the writer claims 
is the most practical way to conduct a series of tests, to define the 
fitness of any size of form of a test bar so as to most truly tell us the 
strength of cast iron. The reason for half-inch square bars being so 
erratic in recording the strength of cast iron is due to the fact 
that such small bodies of iron, when cast in green sand moulds, 
have the state of the carbon and the physical qualities too easily 
affected or changed by differences in the “temper” of moulding 
sands and the metal’s degree of fluidity at the time moulds are 
poured. We have but to refer to Mr. Keep’s own paper to prove 
that light bodies, as of half-inch square bars, are radically affected 
y variations in the “temper” (dampness) of sand and the fluidity 
of metal. 

On page 367, Table VIIL., is shown that with the same ladle of 
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384 CAST IRON UNDER IMPACT. 
iron there are differences owing to variations due to the fluidity 
of metal amounting to 65, 86, and 68 pounds in half-inch bars pos- 
sessing an average strength of 381 pounds. This means that in 
the pouring of two different heats we can have an error, in re- 
cording strengths, of what may be truly the same mixture, or 
grade of iron, of nearly 20 per cent. Carrying this up to one-inch 
square bars, should they be as erratic as half-inch bars, we would 
have the same mixture or grade of an iron to be about 2,500 one 
day’and 3,000 the next, presenting an error of 500 pounds from 
what is the actual condition. The writer knows from research 
that such a difference does not exist with round bars one inch 
square in area, or over, and could point to experiments which he 
has made with variations in fluidity of metal to prove that test 
bars, as large as one inch square in area, when cast in the round 
form especially, show very little difference. In the square form, 
on account of their having corners to chill, a difference of 5 per 
cent. may in some cases be found. At the ninth line from the 
bottom, page 367, Mr. Keep says: “I have proved before that iron 
last poured from a ladle will make stronger test bars than the 
iron poured first.” The writer has found the reverse results as 
well as that noted by Mr. Keep, but would say it is dependent 
upon the grade of iron we are using, and the size of the test speci- 
men in causing the iron to vary in the carbon to be graphitie or 
combined, that controls the quality of test bars being stronger or 
weaker with the last pour from a ladle. 

Any one who is familiar with founding knows that, as a rule, in 
the same shop, no two days will find the fluidity of the metal exactly 
the same, saying nothing about the great difference that must exist 
between different shops, and which can be such as to cause a wider 
difference in the strength of test bars in the same mixture than Mr. 
Keep’s figures show. Any giving this subject study can readily see 
the wisdom of using test bars that are the least apt to be affected 
by changes in the fluidity of metal, whether for one’s own shop's 
record or for comparison with others. The evils of irregularity 
in the fluidity of metal, it is to be remembered, are not all that is 
detrimental to small test bars in the matter of correctly recording 
the strength of iron. When we consider that slight variations in 
the nature and “temper” of moulding sand are also as bad in their 
influence to cause small test bars to be erratic, both combined are 
certainly qualities not to be ignored by any one desirous of adopt- 
ing what is best to most truly record the strength of cast iron. 
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_ The writer wishes it understood that he is not questioning Mr. 
Keep’s tests on shortening or lengthening bodies of iron, or those 
embodying increased strength by tumbling (a discovery first made 
by Mr. Outerbridge), where test bars are used in pairs, for com- 
parative purposes. Mr. Keep’s test in this line with half-inch 
bars is a wholly different affair from that which he would have 
the tenth and eleventh line on page 375 cover, and which implies 
that a half-inch bar will correctly test the strength of cast iron 
for the general purpose test bars are used for. There are several 
other points which the writer would like to discuss, but will have 
to forego at present, as he fears that what he has written has 
overstepped the time allotted for discussion. 

Mr. Keep.*—In describing his discovery that tumbling castings 
cause an increase of strength, Mr. Outerbridge, in his paper, 
already referred to, states that rectangular test bars are weakened 
by the strains caused by the difference in cooling of the metal 
near the surface and of that nearer the centre, and that the 
grains at the surface are in an overcrowded condition. He seems 
to think that any kind of shock allows these crowded grains to 
assume a less crowded arrangement. 

When melted iron fills a mould the portion next the surface be- 
comes solid within a few seconds, while the central portion is still 
fluid. The erystals form with perfect freedom and regularity over 
the whole surface, because there is no compression in any direction. 

As they cool each crystal becomes slightly smaller, causing the 
whole casting to be smaller. This shrinkage can cause no 
crowding among the grains at the surface, but rather a pulling 
apart from each other. When the surface has become rigid the 
central melted portion crystallizes more slowly and forms larger 
grains, but as each grain cools it grows smaller and tends to pull 
from those next to it. Sometimes there are not enough crystals 
to fill the space, and a spongy spot results. There is never any 
crowding. On account of each crystal trying to pull its neighbor 
the influence of a shock is to cause all crystals to drop closer 
together, and cause a shortening of the whole casting. 

The lengthening of a test bar by tumbling is caused by the 
pounding on the sides, which crowds the crystals together and 
towards the centre and causes a general flow endwise. The test 
bar decreases in thickness and increases in length. 


* Author’s closure, under the Rules. 


CAST IRON UNDER IMPACT. || 
f 
4 
| 
| 


CAST IRON UNDER IMPACT, | 


_ It may seem to be a contradiction when I stated that after 
tumbling eleven test bars half an hour, six bars had grown 
shorter, four were unchanged, and one had grown longer. 

Instead, it shows that the shocks imparted during the first part 
of the half hour shortened «// of the eleven bars, and that after- 
ward the peening of the surface had begun to lengthen ail of the 
bars. At the end of the half hour the case stood as stated: six 
bars were shorter than when placed in the tumbler, the lengthen- 
ing not having yet equalled the previous shortening. Four of 
the bars had been lengthened so much as to entirely overcome 
the shortening, and one bar had not only been peened enough to 
regain its original length, but had been stretched beyond its 
original length. Continued tumbling afterwards lengthened all 
of the bars. 

The pulling apart of a casting having reéntrant angles or varia- 
tion in the size of its parts, is caused by the same pulling of the 
grains together. In time these grains generally adjust themselves 
without causing fracture. In castings of uniform section, like a 
square test bar, no such tendency to pull apart can exist. 

Series 23 of Table VI. gives the average of the strength of bars 
tested by the Committee of the Franklin Institute. These tests, 
like all in this paper, prove that tumbling strengthens castings, but 
the committee endorsed Mr. Outerbridge’s theory of the crowded 
state of crystals, and of the mobility of molecules as a cause for 
the gain in strength, without reporting any tests of bars pounded 
on end, or tests to ascertain whether the smoothing and pounding 
the surface of a test bar in the tumbler exerted any influence on 
its strength. 

It seems to me that the experiments described in this paper 
‘prove : 


* That the smoothing and hammering of the surface of a casting 
_by tumbling is the cause for the greater part of the gain in strength. 
That shock causes a shortening of a casting by allowing the 

grains to settle closer together. 
That while repeated shocks, like blows from a hand hammer, 
may very slightly increase strength by this release of strain 
between crystals, yet the gain is not enough to make shock a 
"practical method for strengthening castings; and if there are 
— an reéntrant angles, or variation in size of parts, a very slight shock 
_ might cause fracture, while if the casting were allowed to rest for 
- a time, it would not break. 
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BY H. M. NORRIS, CINCINNATI, 0. 


(Junior Member of the Society.) 


Or all the troublesome and knotty problems connected with 
economical shop management there are few quite so puzzling 
to the engineer as that of accurate cost keeping. Hundreds 
of systems have been invented and put into practice, some 
of which possess a number of points of merit; but the ideal 
system, such ds is sought by all our large concerns, remains yet 
to be discovered. One manufacturer figures fifty cents per 
hour on all classes of work, irrespective of the machine or class 
of labor employed ; another charges thirty-five cents per hour 
for boys’ time and forty-five cents per hour for men’s time ; 
others add a fixed percentage to the sum of the cost of labor 
aud material—the percentage in ninety-nine cases out of a 
hundred being based upon the amount Smith and Jones use, 
or, what is almost as bad, upon the expenses of some one pre- 
ceding year—all of which is bad practice, and denotes inefticient 
shop management. 


ail 


A cost-keeping system to be of real value must forever 
eliminate all guesswork, and be so designed that it will give 
accurate results under all conditions of business. To determine 
the cost of any article of manufacture, it is necessary to know ; 
three things: the actual cost of labor, the actual cost of ma- ~ A 
terial, and the actual cost of running expenses. The firsttwo - 
items are easily found, but how to get the third, at the mini- : 
mum cost, is the problem, and one not easily answered ; although 
the writer feels that the system about to be described is a step 
in the right direction. . 

Upon the receipt of an order at the main office, it is given a 
a number and entered in the order book in the usual manner, 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the Transactions. 
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after which duplicate orders are issued to the several foremen. 
As the work is taken in hand, the workmen in each department 
charge their time upon a different colored time card, the one 
for use in the machine shop being printed in the form shown in 
Fig. 85. At the close of the day these slips are collected and 
handed to the foreman, who, after assuring himself that the 
charges are correct, turns them over to the office, where the 
time clerk assorts them in reference to the workmen’s numbers 
and enters the total time made by each on that date in the pay- 


No. Shop No....779° 


Kerr No, Date. 


Assembling... 


Commenced....°.... Finished..72... Hrs....4... 


roll book, after which he fills in the “amounts ” either calculated 
by the slide-rule or taken from a table which is easily to be com- 
puted once for all. The tickets are then assorted with regard to 
shop number ; and the total number of hours worked that day in 
each department—the latter being denoted by the color of the 
card—together with the actual cost of wages paid or due on the 
same, and of the material used, as figured from the stock slip, 
Fig. 86, are entered in the daily labor and stock account book, 
a portion of a page of which is shown in Fig. 87. This book is 
ruled for the several days of the week, each line showing the 
actual cost of its order number for that day, and is footed up at 
the close of the week, thus making it an easy matter to get 
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at the total cost of any job, at all times, with a minimum 
amount of labor—the hourly burden or average ratio existing 
between productive labor and general expense being known. 
The term “general expense” is meant to include every out- 
lay of whatever nature which is not chargeable to some specific 
order number, and comprises eighteen distinct charges, as 


shown in Fig. 88, 
Fic. 


S—24—97. 


MATERIAL. AMOUNT. 


24 lbs. Machy. Steel 


158 “ Cast Iron 


A includes all labor in draughting-room not chargeable to 
some specific order number. 

&, all pattern work on the regular line of standard tools, or 
other work not chargeable to a specific order number. 

C, all printed matter, office fixtures, stationery, drawing-paper, 
and other supplies used in either office. 

D, all oils, waste, emery cloth, paint, nails, lumber, or other 
supplies used throughout the shop. 


: 
ig 
STOCK SLIP. = 
ORDER. 
1789 | 4 00 
| 
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__ £, all productive labor upon work which is salable. ; 

F, all productive labor, all material, and all bills for mer- 
chandise which form a part of the cost of such new tools as 
files, drills, monkey wrenches, oil cans, reamers, mandrels, mill- 
ing cutters, ete., which may be classed as perishable. 

G, all productive labor, materials, and bills pertaining to 
new non-perishable tools, such as machinery, jigs, and fixtures. 

H, all productive labor, materials, and bills chargeable to the 
maintenance of perishable or non-perishable tools. 

Datty LABOR AND StTocK ACCOUNT. 


Month of August, 1897. 


MACHINE 
SnHop. 


DRAWING- PATTERN 


Room. Suop. Founpry. 


Tora. Stock. 


€ 


ORDER 
NUMBER 
REMARKS. 


Am’t. Hrs. Am’'t. Hrs. Am'‘t. Hrs. Am‘t. Am’t. 


50 312 


R, all other items of expense not included in the letters 
from J to QY, such as wages of the foreman, time clerk, ste- 
nographer, and laborers; the erection of countershafts and 
cranes, the moving of old machinery, the building of founda- 
tions, and the setting up of new machinery. 

S, all labor spent in replacing work which is condemned 
through bad workmanship or other causes. 

With the exception of item FE, which, of course, forms no part 
of the general expense, all labor chargeable to any of the above 
letters is described upon blue cards, printed as shown in Fig. 89, 
which are turned into the office daily with the regular slips, and 


ag 
i 
10 | $2 60 | 10 80 
ii 26/34) 9 | $860 ...|......|....| $7 50) 40! 7 20 
2 | 7 56 | 
— Totals... 18 $7 20.... $2 50|.... $7 $57 30....... $5 50 
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the cost of the same entered in the labor and stock account book, 
opposite their respective letters, in the same manner as the 
regular cards are charged to their respective order numbers. 


At the end of the month the four or five, as the case may be, 
of total weekly charges against each letter are added together, 
and the sum placed opposite the corresponding letters on the 
distribution of ‘charges blank, Fig. 88; analyzing which, we 
see that of the $4,680 paid out during the month, only $2,340 
went into work for which there is any compensation. Further, 


DISTRIBUTION OF CHARGES FOR MONTH OF AUGUST. 


.... Drawing Office... . 
. Pattern Work 
.. Office Supplies.... 
. Labor . 
.. Advertising 
. Light and Heat 
. Official Salaries 
. Rent and Power 
. Insurance 


Total... 


that the returns from this work must be sufficient to cover the 
$2,340 paid in wages, plus the sum of all the other outlays, 
amounting to $2,340 more = /'+ 100 per cent. of E. In other 
words, we must receive $2 for every dollar charged to pro- 
ductive labor before we so much as pay bare expenses. The 
question therefore is: How can we best determine the cost of 
the individual job so that the total receipts for the month’s work 
will be double the cost of productive labor? Figuring on the 
basis of / plus a certain per cent. of # will not do, as it makes 
the charge for boys’ time absurdly low, and good men’s time far 


AN ACCURATE COST-KEEPING SYSTEM. | | 
é 
A $40 00 
B 32 00 
D 286 00 2 } 
E 340 00 
F 175 00 
G 30 00 
H 25 00 
I 100 00 
K 80 00 
L TOO 00 
M 250 00 a 
N 6 00 : 
oO 12 00 
P 75 00 
ig; 
5 
* See subsequent arrangement, Fig. 93, designed after meeting, and described = % : 
in vol. xxi., No. 8, American Machinist. 
| 
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too high. Referring to our books, we see that the labor charge 

of $2,340 represents 11,700 hours’ work. Dividing this time 
into the general expense item, $2,345, gives twenty cents as the 

cost per hour of running expenses. Multiplying the 11,700 
hours by .20, and adding the actual cost of labor, $2,340, gives 
$4,680, or the same result obtained by increasing the $2,340 by 

100 per cent., and at the same time eliminates the objections 
advanced against the latter plan, as illustrated in the following 
example, in which both methods are compared with the old 

“so-much-per-hour” plan ; 

3 hours at .10 = $.30 

90 

- 1.80 


30 hours $6.00 


General expense, 6.00 


Actual cost, $12.00 


1. 
8x .40= 61. 20 .30 + 100¢ = $ .60 : .80=8 .90 
6x .40= 2.40 .90 + 100¢ = 1.80 .2 .90 = 2.10 


9x .40— 3.60 1.80 + 100¢ = 3.60 9x .20+1.80= 3.60 
12 x .40= 4.80 3.00 + 100¢ = 6.00 2x .20+38.00=— 5.40 


$12.00 $12.00 $12.00 


Suppose the total charge against a certain job amounted to 
$6, consuming thirty hours’ time as above, and that the cost 
of running expenses for that length of time is $6 more, then $12 
is the amount which we must receive for the work, exclusive of 
all profit. Figuring, first, on the old basis of a fixed charge 
per hour, Col. 1, we have $12 + 30 = 40 cents as the rate per 
hour at which each item must be charged to net $12 on the 
job asa whole. Figuring, next, on the basis of “wages plus a 
certain percentage of wages,” Col. 2, we have $6 $6 = 100 
per cent. as the percentage by which each item of wages must 
be increased to meet general expense and net the $12 nec- 
essary to cover costs. Figuring, lastly, on “‘time multiplied 
by general expense per hour plus wages,” Col. 3, we have 
$6 + 30 = 20 cents as the amount per hour which must be added 


to each item of wages to make the $12. Comparing the last 
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two methods, the first being unworthy of this name, we note that 
while the second system of figuring accomplishes its mission so 
far as the ultimate results are concerned, it is manifestly inferior 
, to the third plan, in which expenses are made on every hour of 
labor, irrespective of the rate per hour of the workman—the loss 
incurred on cheap labor by the second plan not having to be 
made good by overcharging for the work of those requiring 
greater skill. 
Having thus assured ourselves of the practicability and 
superiority of the last-described method of determining costs 


Name Sohn Smith Date. °—-7—97- 


Time was put in on Erecting counter-shaft for new 


> 


Commenced....7.... Finished.92?. Hrs...7’2.. Amt... 


from hours worked and wages paid, and that the general 
expense for the month is equivalent to a fixed charge of 20 
cents per hour of productive labor, we are now prepared to cal- 
culate the cost of each individual job, the form of blank for 
which is illustrated in Fig. 90. The first column is filled in 
directly from the daily labor and stock account book, and com- 
prises a complete list of all the orders worked on during the 
month. The column headed “Balance” represents the total 
cost of each order up to and including the last day of the pre- 
ceding month, the items being copied from the column headed 
“Total” on that report. Turning to our account book, we 
find we have 1,246 hours, costing $210.50, together with $6.25 
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worth of stock, charged to order No. 1,785 last month. We 
enter the $210.50 under “ Labor,” the $6.25 under “ Stock,” and 
multiply the 1,246 hours by .20=$249.20, or the cost of running 
expenses chargeable to this order. Adding these four items to- 
gether, we have $780 as the total cost of order No. 1,785 up to 
the beginning of the present month. If the work is finished, 
this amount is then carried to the next column, and the number 
dropped from the following month’s report. On short jobs com- 
menced and finished in the same month, all necessary figuring 
may be done in a few moments on the form shown in Fig. 91, in 
which the cost of each department is shown separately. 
Judging by the length of the description, it may seem to some 
that this system is altogether too cumbersome to warrant its 
adoption in a large number of shops; but the fact of the matter is, 


Fie. 90, 
ANALYSIS OF Cost OF PRODUCTION. 


Month of August, 1897, 


Labor. Stock. — Total. Finished. Remarks. 


1785 $210 50 $780 00 

1786 75 26 25 383 85 

1787 : 00 2 25 6 .775 00 

1788 2 00 , 28 00 $28 00 

1789 00 : f 8 00 

1790 00 58 00 258 00 . 


that the daily book-keeping consumes not more than two hours’ 
time per hundred men employed, and the extra labor at the end 
of the month is only a matter of a day, or a day and a half, at 

- most, of one clerk’s time. 


At this writing the system has been in actual operation only 

a few months, but its advantages over all other systems of which 

_ the writer has any knowledge—and he has studied the question 
pretty thoroughly—has been so clearly demonstrated within that 

time that he feels no hesitancy in giving the plan his unqualified 
recommendation, barring a few minor changes in printed matter, 

‘such as inserting an extra line between each weekly division in 

s the labor and stock account book, Fig. 87, for the carrying over 
“ of the total cost of the work to that week, so as to avoid the 
- necessity of having to add up the weekly totals at the end of the 
month ; adding an hour column under “ Labor ” on the “Analy- 
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sis’ sheet, Fig. 90, and one under “ Total,” Fig. 87 ; although this 
last is hardly necessary, with the “Balance” line first mentioned. 
In conclusion, it might be well to add, in anticipation of the 
possible criticism, that the system only furnishes data on a job 
as a whole, and not on the cost of the individual piece ; that 
after the time is transferred from the cards to the account book, 
as described, the cards are filed away in pigeon-holes bearing 
the same number as the order; and upon completion of the same 
the tickets are again gone over and assorted with regard to the 


Order No.... 


Drawine-Room. Parrerns. Stock. Macuine 


WEEK 
ENDING. 


Hours. Amount. Amount. Amount. Amount. Hours. Amount. 


$16.4 3. 7 $0.58 
90 5.! 21.2! 247 45.63 
5.70 .25 2. 281 42.84 
10 228 31.63 


‘Total....| 8 $81.50 $149. 763 $120.68 


Drawing-Room Time 50 General Expense. 


Total Time 813 Patterns. . 
Hourly Burden 25 


operation ; “.e., all turning upon piece marked 6 A 2 are entered 
under “Turning” on the labor sheet, Fig. 92; so, also, with 
each of the other classifications, each line on the sheet showing 
not only the cost of a certain piece, but the cost per operation. 

This, then, is the “ hour-wage”’ method of determining cost; 
and while it falls short of the ideal system for which so many 
have labored, its free adoption would go a long way toward the 
salvation of those manufacturers who, though at present favored 
with their full share of orders, are destined sooner or later to 
be dropped from the list of the successful through their lack of 
a proper iation of the cost of 
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Fie. 93. 


DISTRIBUTION OF PLANT CHARGES FOR MONTH OF AUGUST. 


Hourly Burden, .22. 1.06 Per Cent. Ratio. 


Standard Drawings. 
jStandard Patterns.... 
.|{Standard Machinery and 
Special Tools, Jigs and Fixtures 
.. Office and Shop Fixtures 
. Belting 
Miscellaneous... .. 


Advertising 

. Office Supplies........ 

.|Travelling Expenses.......... 
Boxing and Crating... 

_. [Interest and Discounts.......... 
..|Bad. Debts and Extras...... 


Selling Expense. 


|Rent, Power, Taxes, and Insurance 
‘Interest and Deterioration 
. Interest on New Assets. 
./Patents and Royalties........... 
Shop Supplies 
Drawing-Room Supplies 
Non-Productive Labor 


Manufacturing Expense. 


2,570 


Total General Expense 3,020 


Total Productive Labor = 13,730 hours............. 2,840 


DISCUSSION. 


Mr. Frederick A. Halsey.—I wish to take distinct issue with this 
paper on one point especially. In the table called Figure 88, 
office expenses and salaries are included as parts of the cost of 
production. My contention is that the items which are included 
in the cost of production include only those incurred inside the 
the shop door and not those outside. The expenses incurred out- 
side the shop door are properly considered as cost of distribution 
and not of production. 
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incurred in the office represent part of the cost of goods delivered 
to the customer, they do not represent part of the cost of the 
goods delivered into the warehouse. This may seem at first like 
a distinction without a difference ; but in point of fact the dif- 
ference is more important than the distinction is plain, although, 
like everything else connected with the subject, the distinction 
is one whose importance depends on circumstances. In the case 
of a factory producing goods solely on order, where no stock is 
earried on hand, except what is actually in progress, the distine- 
tion would be of small importance, but in the case of a factory 
producing goods without regard to individual orders, but solely 
with regard to the state of the market, large stocks being carried, 
it becomes of very decided importance. The reason is this: 
When the annual inventory is taken for use in the balance sheet, 
an important item of the balance sheet, in the case of works 
which carry heavy stock of goods, is of course the value of those 
goods. I have known cases where the value of the goods on 
hand made the largest single asset of the entire business, and it 
became important to know what those goods cost and not to 
overvalue them. If they are overvalued it simply inflated the 
business; and that is the direct tendency of including these 
office and sales expenses in the cost of production. If that plan 
is followed it will simply value the goods that much higher, and 
make the value of the business appear that much more than it 
really is. In other words, it inventories the expenses and makes 
them show as an asset, a condition of things that cannot be de- 
fended. I know this is a common plan, but it is as wrong in 
principle as it is common, although, of course, where goods are 
made solely on order, it becomes of small importance practi- 
eally. 

There are generally two methods of determining how much 
money has been made at the end of the year. The cost of the 
goods can be determined by some such method as that of this 
paper, and from the cost and the selling price the profit on each 
sale can be found, the sum of its profits on all the sales of the 
year giving the annual profit. On the other hand, the annual bal- 
ance sheet may be consulted, and between the results of the 
two methods there is usually a great gulf fixed, which of course is 
due to the inaccuracy of the cost-keeping systems. The reasons 
for this difference are diverse and obscure, but there are two 


sources of error which account for part of it, and which do not 
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receive the attention they deserve. One of these is the question 
of heavy tool cost. This question of the charges for the use of 
heavy tools is about the most difficult one connected with the sub- 
ject, and it is one which this paper does not even mention as ex- 
_ isting atall. In fact, the plan here proffered as “accurate,” would 
place the same charge upon the labor of a boy running a fifty- 
dollar centring machine that it would on the labor of a man 

running a twenty-foot boring mill, the grotesqueness of which 

procedure will not be enlarged upon. It is a very easy matter to 
take the cost of the heavy tools, calculate a given percentage 
- for interest, and wear and tear, divide the amount by the number 
of hours of labor in the year, and say that is the special charge 
to be made for an hour’s labor on that tool. The trouble is that 
after that charge has been made it is not earned, because tools 
of that character are idle a large portion of the time, and during 
another large portion of the time they are used on work far 
within their capacity. 

A small planer job will be put on a large planer because the 
small planers are all busy, but you cannot make a heavy tool 
charge to-day and a small tool charge to-morrow on the same 
job. The result at the end of the year is, that the total interest 
and depreciation of the large tools, based on average work, are 
written off, but, because of the above situation, it has not been — 
earned. This, in my opinion, is one of the reasons why the — 
methods of calculating profits which I have indicated do not 
agree. 

I do not know of any way in which this difficulty can be met 
except by keeping of the tool time as well as the labor time. In 
that way the number of hours which a tool is in actual use can 
be determined. But saying it can be done in this way, it is a 
very different thing from saying that it should be so done, as it 
would involve a formidable addition to the system of keeping 
the books, and whether it is worth doing is altogether a question. 
It is a much easier matter to devise a system which will accom- 
plish the desired results than it is to decide whether the results, 
when obtained, are worth their cost. 

The second reason for the discrepancy between its result of 
the two methods of calculating profits relates to the disposition 
of non-chargeable labor. This paper treats this correctly, 
although not as neatly as it might. The common method here 
=e divide the workmen of the shop into producers and non- 
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producers, and in making up the ratio of loading to have the 
ratio on this division. In point of fact a good deal of the time of 
producers will actually get into non-productive work of various 
kinds, and thus vitiate the ratio as found above. My own plan 
is to do what this paper does—require every man in the shop 
to make out a time ticket at the end of the day, so that the 
tickets, as turned in, represent the total amount of labor done 
during the day. This is all done on a single ticket form, 
because the division is a matter for the office and not for the 
shop. At the end of the day these tickets are collected ; every- 
thing that can be assigned to different jobs is so assigned, and 
the remainder is put into the scrap heap and charged against 
non-assignable labor, a running account being kept with this non- 


assignable labor, which, however, is not added up until the end 


of the month or year. When thus totalled, an accurate basis 
exists for calculating the ratio so far as it relates to the non- 
assignable labor, and any one doing this for the first time will 
be simply astonished at the result. 

The error in both cases is greater than appears at first sight. 
In each case the error means a sum taken from the numerator 
and added to the denominator of the ratio, the error being thus 
a double one. 

At the same time it is very easy to exaggerate the importance 
of these things. Every manufacturer makes his goods as 
cheaply as he can, or as he knows how, and sells them for all 
he can get, and the question of niceties in cost-keeping does not 
have much to do with either the income or the outgo of the 
business. While, therefore, these things are interesting and of 
importance, I do not think they are of such vast importance as 
a good many people think. 

Mr. W. S. Rogers.—Taking this paper all the way through, I 
find it is practically about the same as I have in use, and many 
of the members say the same. I have been told by several that 
it treats of only the primary step in cost accounting. While 
that is true, we must bear in mind the fact that there are 
numberless factories where even this does not exist, and it will 
start them up the hill of progress. We must also bear in mind 
that there are shops, and shops, and shop-superintendents and 
superintendents, and all kinds of presidents, managers, and 
directors ; different ways of doing things in different parts of 
the world, and different ideas among the powers that be as to 
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what constitutes an accurate cost account. I have tried several 
methods of cost-keeping, invented by others, and have had the 
misfortune to invent one or two methods myself (to my sorrow), 
and I have about concluded that there is no such thing as “an 
accurate cost method” that can be used indiscriminately. I 
fully agree with Mr. Halsey that the factory should be cut off 
and completely isolated from the business and sales department, 


with the superintendent’s salary on the factory expense account. 
In this way the “cost of production” can be caleulated con- 
- tinually in an almost straight line tending downward. And the 
business department can follow its own bent without hindrance, 
and add 10 per cent., or 100 per cent., to their “costs,” as they 
deem best. In our factory, if materials cost $40 and labor $40, 
we have to add another $40 to the total to arrive at the correct 
cost of the machine ready for the customer. This last $40 is 
the 100 per cent., and is caused by clumsy methods of handling 
work and the high-priced directors holding positions, who put 
their money into the company and draw salaries for work they 
never do. But it is done the country over, and is one of the 
penalties which companies must suffer who do business above 
their capital. 

If you and [ are in business to-day, and want $20,000 addi- 
tional capital, we go to some wealthy man, and, after we show 
him gilt-edged profits, he is asked to make the investment, and 
puts in the $20,000, with the understanding that we give his 
nephew—who has no business qualifications whatever, but has 
spent the greater part of his life attending social functions and 
prize-fights—a position worth $2,000 per year. We do this, and 
then hire a clerk to do the work of our $20,000 nephew at an 
extra expense of $1,200 per year, and this sends the “fixed 
charges” up skyward. So, to be honest in estimating cost of 
production, I think every one will agree with Mr. Halsey that 
the dividing line begins at the superintendent’s office, and the 
item of “factory fixed charges,” with all its subdivisions, should 
be established. 

In regard to “labor,” I think Mr. Norris will divide and re- 
divide this item many times as he gets into cost-accounting 
more extensively. It is very important t» the progressive 
superintendent that he not only knows where all productive 
labor is employed, but also where the non-productive labor 
goes, that he may be able at any and all times to cut off all 
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useless expenditures and keep down his costs. I have found 
it very valuable to me to have the following items always before 
me : 


With proper methods of book-keeping it costs nothing extra 
to run these items, and their occasional study will save the 
annoyance of having the general office advise reduction of ex- 
penses, ete. 

Here is a problem which is found in different figures, in 
different shops in various parts of the country, when the yearly 
inventory and accounting take place: The wages-paid sheet 
shows an outlay of $40,000; the production sheet shows a re- 
turn of only $38,000; and the searching question is, Where is 
the deficiency? Why was it? After weeks of research and 
going over records, it is reduced to about $200, and every one 
has grown tired and disgusted, and the balance is crossed off to 
profit and loss. No one ever saw a $38,000 yearly wage sheet 
and a $40,000 yearly production. The nearest example I ever 
saw was in a foundry where the cost sheets showed a daily 
melt of eighteen tons of pig-iron and scrap overbalanced by a 
daily output of clean castings weighing twenty-one tons. The 
ideal cost-accounting system is one that shows daily where 
every penny’s worth of wages has been expended, and can be 
balanced with the cost of production every night after the bell 
‘rings. Knowing that ideals are never realized, we balance our 
: Pree once every week, and every item of time charged, with the 

right amount of fixed labor to it against the person or job to 
which it honestly belongs—should it be for sharpening the 
skates of the secretary’s boy, repairing the harness of the presi- 
dent’s family carriage, or sending a man out on family errands 
for other officials. If the method of time and cost-keeping is 
such that every item of work performed in the factory during 
the week can be located and charged correctly, so that the two 


Cleaning factory and $157 90 
9 64 par 
Errands for general office.... . ..... 34 82 
Repairs, Shatting, pulleys, Delta... 821 42 
Engine, boiler, and electric light. 95447 
New jigs and fixtures .............. 820 81 
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are getting very close to the ideal. 
When an official of a company gets favors in the factory, he 
should be treated, not as one of the company, but placed on the 
same footing as Jones or Smith across the street, who are get- 
ting repair work in the factory. I do not believe in daily time 
cards “ approved” by foremen and sent into the office. Fore- 
men are for the purpose of getting materials to machines and 
men, and switching the work to avoid delays in machine opera- 
tion, and not for performing clerical duties. My time and cost 
clerk takes the previous day’s record of time and distributes it 
properly in about one hour, and sees personally about one 
hundred men. He also gets time during the day to visit about 
the factory in every department, and see what the workmen are 
doing ; in fact, he is fully as cognizant of the detailed work of 
the men at all hours of the day as myself or the foreman. Con- 
sequently the distribution of cost of production cannot err 
much. 

I do not think we will ever find an accurate cost system that 
will fit all conditions in all factories. We may take all the litera- 
ture on cost-keeping in existence and find it will fit here and 
there about the earth, but not all points of the compass; and my 
method is to have no special hobby of my own, but boil it all 
out, and do as we were advised to do concerning the boiler- 
testing code—take what we want to accomplish our ends and 
throw the rest away. 

Mr. Oberlin Smith.—I notice that in Fig. 88 of this interesting 
and thoughtful paper, in the list of expenses, two very impor- 
tant items are omitted which should enter as factors into the 
general account; one is /nterest on the total capital at a fair 
rate, and the other is bad debts, a very uncertain quantity. 
Whether the miscellaneous item mentioned is large enough to 
cover them I do not know. Be this as it may, does not the 
uncertainty just referred to render futile in some cases the 
unusual attention which is paid in recent years to minute details 
of cost-keeping? Analyzing these things month by month is all 
very nice, but it takes a good deal of bookkeeping, and often 


one’s calculations are all “ knocked out,” so to speak, by some 


unexpected bad debt, or by some bad experimental work which 
happens some other month. My own experience has convinced 
me that it is better to work by the year, put a plenty high 
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enough expense rate, and be sure to get every expense item in. 
Some such, not mentioned here in detail, are telephoning, tele- 
graphing, expressage, discounts for cash, ete.; but I suppose 
they have been included under general expenses. 

It seems to me that the best way to get an expense account is 
to take a// expenses, starting with interest on capital at five or 
six per cent., following with bad debts all commercial and 
mechanical expenses such as are mentioned here—insurance, 


taxes, depreciation, travelling, advertising, office expenses, re- 
pairs, power, heat, light, and the rest of it, including such 
amount of salary and wages account as is not directly produc- 
tive. In some cases a part of the officers’ salaries, especially 
in the engineering department, can be charged directly to 
certain jobs—in other cases not. Everything, however, should 
be charged to “expense” that is non-productive. All hours’ 
time in the year, charged absolutely to producing articles to 
sell, is one item. All other hours, whether of officers, or jani- 
tors, or whomsoever, come into expense. If this total expense, 
liberally figured out, is divided by the total number of produc- 
tive hours in the year, we have a system which, at the end of 
each year, gives from fifteen to thirty cents per hour as the 
expense rate—-that is, for the average machine shop employing 
from fifty to five hundred people. For years I have been in 
the habit of using a twenty-five cent expense rate, and every 
hour, whether made by a five-cent-an-hour boy or a forty-cent- 
an-hour man, has that twenty-five cents added to it, which 
amply covers all expenses. Thus we have three items of cost- 
material, labor, and expense. The latter is based on the last 
year’s experience, but in the course of years it does not vary 
a great deal. I have often found it twenty-one, twenty-two, 
twenty-three cents, etc., but have usually put it at twenty-five. 
As a shop gets bigger and more systematized it often can be 
safely put at twenty cents. 

The foregoing remarks apply to the ordinary shop, which is 
usually semi-jobbing and semi-manufacturing, and which gener- 

ally finds its cost of production and distribution somewhat 
mixed up. When we get down to pure manufacturing, as in 
— small staple articles of machinery, or cotton cloth, or 
patent medicines at a cost of three or four cents a bottle, which 
sells for a dollar, one can systematize far more thoroughly than 
can be done in the ordinary machine shop. If we could take 
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an average shop, employing a hundred or two men, doing some 
manufacturing and some work by the hour, and absolutely 
separate the commercial and the manufacturing elements, it 
would be easy to keep the absolute cost of manufacture alone. 
‘The machines could be merely made and set aside in a big 
- room. We would find that a smaller expense rate would cover 
such making—probably about ten cents per hour. There would 
be no bad debts, advertising, travelling, or commercial work of 
any kind, except the trifles of buying material, time-keeping, 
paying off, ete. 

I conclude, therefore, that (considering the variable commer- 
cial factors involved) it does not pay, as a usual thing, to incur 
the extra outlay for making up a new expense rate monthly. It 
does pay, however, to keep current-cost accounts of every job, 
monthly, or even weekly, using a rate which has proved, year 
by year, to be a safe average. There are doubtless many excep- 
tions to this proposition—notably in cases of starting a new 
business, or in reorganizing an old one under new methods of 
management. In these, and other cases involving special con- 
ditions, I have no doubt that a strict monthly or quarterly 
analysis of cost, in the line of Mr. Norris’s carefully worked-out 
methods, would often prove of great value. 

Mr. L. 8S. Randolph.—This paper interests me greatly. I have 
had this matter to thresh over two or three times in my life, 
and in what I imagine is probably as difficult a position to get 
it right as any—that is, in the repair shop of a railroad. The 
question of uncharged labor bothered me at first. I felt that 
the charge should include everything in detail. My idea, I 
remember very distinctly, was to have the foreman distribute 
his time, but that was soon given up. The uncharged labor was 
obtained in this way: At the end of the month we took the total . 


pay-roll, subtracted from that all labor which we could charge 
directly, and distributed the balance pro rata at a certain per- 


centage, obtained by dividing the uncharged by the charged Con 
labor. I found that satisfactory. It made the labor accounts . 
balance every month. We did the same thing with material. — : 


That is, the freight expenses and other charges were made pro 
rata. A certain amount of material is received during the 
inonth, the bills are kept until the end of the month, and all 
interest, freight charges, and labor in handling the material 
are charged pro vata, making a price at which each item is 
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charged out. The difficulty with repairs of tools and new tools 
was considerable ; there we had to charge it per annum. At 
first the charge for these was made every month; but one month 
we got in quite a lot of new fools, and charged them all in at 
once, which made the uncharged expenses on material and labor 
amount to about 80 per cent. The management kicked on this, 
so that we had to change our bookkeeping and charge all such 
items upon a percentage basis, which was determined annually. 
This method of handling the uncharged expenses proved uni- 
versally satisfactory, and satisfied me that the extremely accurate 
methods of cost-keeping amount to nothing, and are not worth 
their cost. The method of keeping the labor charged directly 
was by a ticket for each operation on each piece of job or shop 
order. Now, that looks a little cumbersome, but I found this: 
that I could separate those tickets and I could get the cost of 
the operation—for instance, if we were to take cross-heads on a 
certain order ; there might be a dozen cross-heads, there might 
be one. We could pile all the tickets on that order in one lot, 
and separate them so as to get the cost of each operation, viz., 
drilling, chipping, planing, straightening, and fitting in the 
guides. There was the whole thing in detail. It gave me that, 
and also it gave a check on the men. I remember very dis- 
tinctly the effect of a little increase in salary. I had a black- 
smith making a peculiarly shaped bolt; they cost us $6.25 a 
hundred. I raised his wages about ten cents a day or twenty 
cents a day, and I watched him for two or three years after- 
wards, and he never got above three dollars and a half per 
hundred, and we saved on those bolts enough in a year to pay 
his increase of salary twice over. As regards the question of 
heavy tools, I have tried that once or twice, and never satisfac- 
torily. The question of varying tool cost I have never been 
able to look upon as of much moment. I do not see its value 
unless you have very heavy and very light tools and extremely 
sharp competition. Of course, as Mr. Smith said, if we are 
making patent medicine, or something of that kind, making the 
same thing every day, then one can figure down to the last 
notch, but where you are doing this job one day and another 
job another day, it is extremely difficult to get anything more 
than an approximation, and I do not think it is worth trying 
for. 

Mr. H. H. Suplee—Mr. Randolph has brought up a point 
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which I think is of value, at least I know it was in one case, and 
-that is the value of keeping the cost of the different branches 
of the work—the planing, chipping, turning, ete. This was in a 
- ease where machines were made in lots of six or eight or ten, 
and each lot was given its own order number, and its costs kept 
as a whole. These costs were carefully scrutinized in com- 
parisons with the previous ones, to see if there was any differ- 
ence, and if so, where that difference occurred. If the difference 
- was in the planing or bench work it would be discovered and 
could be corrected. If the next lot cost less, the department 
in which the economy occurred could be found. So it was a 
_ very important piece of education in the shop, apart from being 
a mere cost account. 

Mr. C. W. Hunt.—Before the discussion closes I would like 

to ask those interested in this subject of cost accounts to read 
work entitled “The Commercial Organization of Factories,” 
a voluminous and elaborate work by J. Slater Lewis, General 
Manager for P. R. Jackson & Co., Limited, Manchester, England. 
Blank forms necessary for the practical working of the system 
are given for all the operations. 

This system is in use in our Staten Island factory, and we 
would be glad to show the general and detail working of the 
system to those who care to see it. There are no secrets, and I 
invite all to visit us who take an interest in the subject. 

Our factory management and system of accounts are distinct 
from our commercial organization, with independent offices and 
separate bookkeepers, whose interests are opposite, as the goods 
are billed from the manufactory to the commercial office in a 
similar manner to the billing of goods from the commercial 
office to a customer. An increase in the factory bills means a 
decrease in the profits of the commercial organization, and a 
deduction from them means less shop profit; consequently, 
each bookkeeper is constantly on the alert to guard his own 
interests. This system is particularly valuable in manufactur- 
ing accounts, because it applies the double-entry system of 
bookkeeping, by which the correctness of the entries on the 
books and the blanks is checked by a monthly balance sheet, 
so that if an article is taken from the storehouse into the factory 
and incorrectly credited, or a mistake made in the figures, it 

will show in the trial balance at the end of the month, when the 
a 3 bookkeeper will institute a search and ascertain where the error 
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occurred. Once an entry has been made on the blanks, it can- 
not be lost sight of, and must be disposed of in the proper 
manner ; otherwise the trial balance at the end of the month 
will not be correct. These trial balances of the various accounts 
are made still more valuable because the various expenses of 
the works, such as taxes, insurance, interest on the buildings, 
repairs, renewals, plant extension, office, and other charges and 
expenses, are reported monthly, so that it not only shows the 
accuracy of the entries by the clerical force, but also shows the 
results of the business for the month with a considerable degree 
of accuracy. 

It will, no doubt, appear to many, as it did to us upon the 
first examination, that this system requires a very large clerical 
force, but we found that this was not the case, as proper blanks 
are furnished for all the operations, so that clerks on a small 
salary are employed to make the proper entries. When the 
works are not large one man fills two or more offices. The head 
bookkeeper must be a capable and efficient man. 

Our works make a great variety of articles, many of them 
intermittently, and is a class of manufacture in which it is 
usually considered very difficult to apply an accurate cost sys- 
tem. We may get two or three orders in succession for an 
article, and then six months may pass before receiving another 
order for the same article. The system is as easily applicable 
to a wide range of manufacture as it is to a smaller range of 
duplicate work. 

It has been suggested by the previous speakers that it is 
impossible to secure accuracy by a system of shop accounts. 
Mr. Brashear, measuring optical work to millionths of an inch, 
might not call it accurate, but, commercially speaking, it is not 
only accurate in giving the cost of a complete machine, but also 
in the details of the construction. The necessity of at once 
obtaining the cost of both the whole article and its details is 
far greater than most engineers realize. Business in these days 
of competition is likely to be lost if the estimate of the cost is 
too high, and money lost or no adequate profit made when the 
estimated price is too low. Again, the general tendency of all 
shop costs is to increase and the system to degenerate, unless 
an accurate and efficient system is adopted and closely watched 
by the manager, both in details as well as the general result. 
attempt to give an outline of this system, as 
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if should be studied from the printed work before mentioned, 
P but I will add the general statement that the manufacturing and 
the commercial offices are entirely distinct. The goods are 
received by a “ storekeeper,” who receives them, and enters all 
the items in the proper columns of his blanks provided for this 
purpose. When articles pass out of his hands, he enters them 
to the proper works order, on a stores issues book, no matter 
how trivial or small the article may be. A piece of scrap iron 
delivered for shop use is charged in just the same manner and 
as carefully as is new material. The storekeeper does not have 
to think of the value of the article, or what it is to be used for; 
he only knows that he has tie proper written order for it, and 
enters the delivery on his records in the proper column. 

These withdrawal orders are always in writing, signed by 
authorized parties, with the exception of very unusual events, 
such as the bursting of a steam pipe, or an accident requiring 
prompt attention; but in these cases the storekeeper makes an 
entry on his books, and at night he goes to the foreman, under 
whose direction the material was used, and secures an official 
order for the same. 

Mr. Rogers.—Mr. Hunt has, in my opinion, the ideal system 
of keeping account of stock and running a stockroom. When- 
ever factory managers realize that the stockroom and its keeper 
should bear the same relations to the men in the factory that 
the proprietor of a country store does to the villagers and 


farmers about him, their cost-accounting system becomes a 
simple thing, easy to handle, and down comes cost of produc- 
tion. We have been doing this same thing for the past two 
years, and the whole plant is treated as a manufacturing village 
doing business with the storeroom ; and no one, from the presi- 
dent down to the youngest apprentice, can get credit there 
unless his request locates where the material is to go, and he 
may expect to have bills rendered accordingly. 

: This system of Mr. Norris will not fit the ordinary job 
repairing machine shop, and I do not think he wishes it to be 
understood so, but is intended for factory use. Mr. Smith has 
brought forward a point, which Mr. Norris mentions in the last 
five lines of his paper, concerning the firms who “will be 
dropped from the list of the successful.” Mr. Smith is right. 
There are many who don’t wish to know what it costs them to 
manufacture, and it is better that they should not; and some 
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ACCURATE COST-KEEPING SYSTEM. 
way or another they don’t exactly fail, either. I know of one 
manufacturer right here in New England who has been in busi- 
ness for the past thirty years and has never taken an inventory. 
One day I asked him, “What did that machine cost?” He 
replied, “TI don't know.” I asked, “ Why don’t you know?” 
He answered, “I don’t want to know; I know what I sell it 
for; that is enough.” ‘“ How do you know when you are making 
money?” I asked. He replied, “You are dumb; you are 
foolish ; you never had a bank account.” (Laughter.) “I will 
admit ‘all that, but tell me your method that I may get one, 

I replied. Then he told me the secret of success: “I go to the 
bank at the end of the year and find I have $20,000. All right ; 

the next year I find I have only $15,000. Isn't that a sure sign 
Tam losing money? Then I make a kick, and the next year I 
have $25,000; and there is no occasion that year to kick. Why 
should I bother with your cost ideas?” So I agree with Mr. 
Smith that all these things are not needed—if we don’t want 
them. 

Mr. Norris.*—In preparing this paper for presentation to the 
Society, it was my aim to eliminate all detail not directly per- 
tinent to the leading features of the system, hoping that the 
discussion would centre upon the salient points only, and not 
upon the minor accessories which, of necessity, must be suited 
to the requirements of the particular establishment in which 
the system is put into practice. Judging from the criticisms, 
however, I have either carried my pruning too far, or else a 
~ number a the opposing members have read the paper with 
little care, much of the evidence adduced strengthening rather 

than weakening the defence. 

_ Replying, first, to Mr. Rogers’ remarks, I am not surprised at 
his conclusion that there is no such thing as an accurate cost 
method if the one or two systems which he has invented per- 
mitted of a deficiency of $2,000 between the oot and 
wages-paid sheets—a condition of affairs impossible t occur 
in my system. Every cent of wages which is not chargeable to 
a specific order number is changed to some one of the various 
items on the distribution of plant-o tharges blank, where it is 
fully provide d for by the hourly burden account. All work of 
this nature is fully described upon blue cards, as explained on 
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page 391 of my paper, which, I think, amply meets Mr. Rogers’ 
objections, that: “It is very important to the progressive super- 
intendent that he not only knows where all productive labor is 
employed, but also where the non-productive labor goes.” 

Mr. Randolph and Mr. Suplee spoke of the value of keeping © 
the cost of work per operation. In this, as well as many other 
points mentioned, I think our systems are substantially the 
same, except that by my method non-productive labor is entered — 
up each day in the same manner as productive labor, instead of | 
waiting until the end of the month and determining it by sub- 
tracting all chargeable labor from the pay-roll, which, though 
it causes the labor accounts to balance, can hardly be consid- 
ered an accurate method. It is the temptation of every sno 
man to throw as much time on general expense as possible, to 
circumvent which I require my men to fill out one or the other 
of the time cards shown in Figs. 85 and 89, the exact mission, 
or whole use, of which I have apparently failed to make clear. — 
After all the slips have been assorted in reference to the work- 
man’s numbers, and the total time made by each is entered in 
the pay-roll book, the blue and white cz ards are separated into 
different piles. The white ones are then assorted according 
to their shop numbers, and the total number of hours and wages 
charged to each is entered in the daily labor book, after which 
the slips are pigeon-holed according to these numbers until 
such time as the orders are completed, when they are assorted 
with reference to the operation, and the hours consumed and 
cost in wages of each are entered on the labor sheet, Fig. 92. 
The white cards thus tell us five things outside of their use in 
marking up the pay-roll: first, that the time should be charged 
to an order number ; second, what that order number is; third, 
upon what piece of that order number the work was performed SH. 
fourth, the length of time spent upon that particular piece ; and 
fifth, the nature of the work done, whether turning, planing, or 
scraping, ete. The blue cards, on the other hand, tell us, by 
their color, that the time should be charged to general expense, 
which item may be subdivided as many times as thought de-— 
sirable—even to having one for sharpening the skates of the 
secretary's boy, if Mr. Rogers so desires—the number of sub-— 
divisions in no way affecting the final results of the system, 


which are based upon the general expense considered as a 
whole. 
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Comparing my method with that of Mr. Smith’s, there seems 

to be but one real point of difference between us—i.e., the de- 
termination of the exact hourly burden monthly instead of an 
approximate one yearly. To approach anything, at all, like 
accuracy, a careful account must be kept of material, labor, and 
general expense. ‘The first two of these must, of necessity, be 
figured day by day—why not go one step further and figure 
the third? What is the difference between adding twenty-six 
figures twelve times a year, and twelve times twenty-six figures 
once a year? It adds nothing to the cost of the system, but 
much to its usefulness. Of what value would a barometer be 
to a sea captain if it only gave the average conditions of the 
atmosphere for a year? How could he prepare for a storm? 
Conditions are ever changing: one month a number of new 
machines are added to the shop equipment ; another month the 
force of workmen is increased; at another time new systems 
are introduced ; later a part of the works is destroyed by fire ; 
dull times come, and the men are laid off. Then a new machine 
is built, and the question comes: What has it cost? Will it be 
safe to take the hourly burden at the old rate in determining 
the selling price? Or must we let “the other fellow” fix the 
price, and then wait until the end of the year to see how we 
stand ? 

There can be no doubt but that a yearly determination of 
the hourly burden answers every purpose in Mr. Smith’s case, 
otherwise he would not continue to follow this practice ; but in 
my work I find it very essential to determine the burden by 
the month, for the triple reason that I have no old records to 
follow, I need the datum at once, and want greater accuracy 
than is possible by Mr. Smith’s method. It is, however, mainly 
a question as to which is the better plan—to look at the com- 
pass every month, to see if we are headed in the right direction, 
or to wait for twelve months until we arrive somewhere to learn 
by how far we have missed our destination ? 

Mr. Halsey assails the paper on another side, contending that 
the items included in the cost of production should comprise 
only those incurred within the shop door, all others being 
considered as cost of distribution. He says that “while the 
expenses incurred in the office represent part of the cost of 
goods delivered to the customer, they do not represent part of 
the goods delivered into the warehouse.” 
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be included in “the cost of production” except hours, wages, 
and material, but if we want to learn the whole cost of anything 
for the purpose of fixing the selling price, or preparing an in- 
ventory, the “ cost of production” should include a part of the | the 
president’ s salary, as well as that of the superintendent or fore- 

man. All three come under the head of general expense, and I f 5 7 
fail to see why office oxpeuee, as oi use it, is not was as much a wae 


customer. If the hourly burden is taken at a fixed rate, as — 
practised by Mr. Smith, there is no question but that an inven- 
tory, based upon these figures, would show an inflated value, 
and be the means of fixing the “great gulf’’ between it and the 
annual balance sheet alluded to by Mr. Halsey. But in my 
method there can be no gulf. If the books show that the gen- 
eral expense for a certain month is $5,000—$5,000—no more, no 
less—is distributed amongst all the orders worked on during — 
that month, and it matters not, so far as cost goes, whether the © 
product is sold immediately or lies in the storehouse for a 
year. 

The question of tool cost was not mentioned in this paper 
for the reason that I consider it foreign to the subject. I have 
thrashed the matter over more than once to my satisfaction, 
and feel convinced that there is nothing in it except for such 
shops as use both very heavy and very light machinery. The 
difficulties connected with acquiring any degree of accuracy by 
the use of this method are stupendous, and the results, when 
obtained, afford but poor compensaticn for the additional cost 
of the bookkeeping. 

Except for an infinitesimal amount of red lead and a little 
waste, a scraper-hand contributes nothing to the general ex- 
pense account. A floor-hand, however, punishes, or entirely 
consumes, a large number of small tools and supplies. So, if 
it comes to a question of hair-splitting, I fail to see where Mr. 
Halsey would call a halt. The ideal system should give three _ 
things, cheaply, quickly, and accurately—the actual cost of any 
one piece, the total cost of any one piece, and the total cost of 
all pieces—whether wanted by the day, week, month, or year. | 
So far as the total cost of any one piece is concerned, we know 
that only substantially accurate results are possible by any 
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method of cost-keeping, as there is always sure to be a more 
or less unfair distribution of the general expense item. Upon 
this point my system may be no better than a number of 
others, but I believe that it entirely fulfils the first and last 
of these conditions—hence the name: “An Accurate Cost- 


© 

ty 


‘ 7 


 DOCLXVIIL* 
A WATER-PURIFYING PLANT. 


ApouTt a year ago the Southern Pacific Railroad Company 
established at Port Los Angeles, Cal., a plant or adjunct to the 
pumping station for the parpose of purifying the water supply 
at that point of the large amount of scaling matter it contained. 

The chemical principles involved are based on the well-known | 
Clark or Porter-Clark process. 

The mechanical appliance or adjunct to the pumping station 
was the author’s design, and the purpose of this paper is to — 
describe the method as well as the “standardizing” of the 
process, since the plant referred to was established with a view 
to rendering the same applicable to other stations on the 
company’s lines where the waters require purifying. 

At certain places in England and elsewhere large and expen- 
sive plants have been put up for the purpose of purifying water 
for boiler purposes ona large scale. The method which we are 
to discuss is intended to do away with an elaborate system of 
works and to furnish a continuous supply of purified water of 
constant quality without the use of agitators to assist chemical | 
action or the necessity for labor other than that in usual attend- 
ance at a water station. 

It was alee desired to wee away ae expert attention at remote 


to a other extreme, with chemical eg 

The treatment of water in the cold on a large scale was con- 
sidered the cheapest and best method of dealing with it. No 
two waters from a natural source are just alike, and the treat- 
ment by boiler purges, compounds and nostrums, frequently 
exploited, is properly of value only in special cases. 

On a railroad where steam boilers take water successively 


* Presented at the New Y ork i mee sing (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the Transactions, 


A WATER-PURIFYING PLANT. 4150, 
+, = 
ob 
4 
,” 
7 => 
a 
@ 
4 
| 


416 


from various sources of differing quality the “ cure-all” becomes 
a factor of doubtful value or even safety. The old saying that 
what is one man’s meat is another’s poison is equally applicable 
to steam boiler waters. 

The consideration of each water by itself, and its reduction 
to lowest terms practicable with respect to the scaling and 
corrosive matter contained, seemed the best course to pursue. 

The water at Port Los Angeles required a double treatment 
on account of the bicarbonate of lime contained, together with 
a large amount of the sulphates of lime and magnesia. The 
chemical principles involved in the treatment are not new, and 
it is not the purpose of this paper to discuss them at length, 
though reference will be made to them later, as well as the 
special character of the water treated. : 

The following is a description of the appliance : 

The general plan (Fig. 94) shows a section elevation, and Fig. 
98 a plan of the purifying addition and pumping station. As the 
system is independent of the action of the pump, except as a 
constant source of supply, that machine does not necessarily 
form part of our description. Referring to Fig. 98, the water 
main a, a is intercepted in its passage from the pump to supply 
tanks (Fig. 95) by the circulating tanks, Nos. 1 and 2. Detail 
of construction of these tanks is shown in Fig. 96. They are 
alike, each about 4} feet in diameter by 8 feet high, and the 
space inside is divided up by partial diaphragms, alternately 
placed, allowing the water in its course to circulate upward, 
under and over, and check its motion, allowing time for chemi- 
cal action to take place within them. 

Their size is such as to allow the water about five minutes in 
passing through, and the tanks serve virtually as an enlarge- 
ment of the water main at that point: the arrangement of the 
diaphragm or baffle plates is not essential to the process, and 
the circulating tanks are not intended to deposit or dispose of 
sediment. The water main enters tank No. 1 at the bottom 
and discharges at the top, thence to bottom of No. 2, again dis- 
charging at top, and on to the supply and settling tank (Fig. 95). 

Just before entering each of these circulating tanks the water 
main is tapped by a }-inch pipe, conveying in a steady stream, 
when in operation, a solution of desired chemical reagent from 
the chemical tanks at }, c. These chemical tanks are shown in 
detail at Fig. 97, and the 4-inch feed-pipes leading from them, 
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e, e, are controlled by the plug cocks /,/. These smaller tanks 
are also of like dimension, and hold 100 gallons when charged 
with solution, which suffices for four hours’ continuous operation 
of the pump, or a supply of about 44,000 gallons of water. 
As shown in Fig. 97, the tanks are air-tight when all cocks are 
closed, and are filled through the 1{-inch pipe and screened 
funnel when the cock 7 is open. The top is tapped by a }-inch 
pipe leading from an air reservoir supplied with compressed air 


Sluice Box 


50,000 gals. 


Settled Water” 
Stillman 


Fie. 95. af 


from an 8-inch Westinghouse pump. Just before entering the 
tanks the small air-pipe p is intercepted by a pressure-regulat- 
ing valve v, whereby the air pressure within the chemical tanks 
is kept at a desired pressure, just overbalancing the hydraulic 
pressure in the water main, and allowing the solution to flow 
through the }-inch feed-pipe when the cocks fare open. These 
cocks are always operated wide open to prevent possible clog- 
ging up of the pipe by a casual obstruction, and the air pressure 
is allowed entirely to control the flow of solution to mingle with 
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the water flowing through the circulating tanks to the reservoir. . 
The pressure-regulating valves are controlled in the usual — 
manner by wrench and screw at bottom, so that the operator — 
can occasionally adjust the feed of solution. Each chemical 
tank is about four feet high, and provided with a long-sight feed-_ 
glass so that the contents can always be noted. They are— 
gauged to feed out eleven inches per hour, and when pressures - 
are adjusted do not ordinarily vary. Occasional attention to the - 
pressure valve during pumping hours, such as an engineer gives: 


| 


his sight-feed lubricators to steam engine or pump, is sufficient, 
inasmuch as the hydraulic pressure during pumping hours 
does not vary more than the head varies in a gravity supply. — 

It has been found that the air pressure on the chemical tanks 

is about an atmosphere less than hydraulic pressure in the 
main, so that, as would be expected, the pneumatic action is 

to hold back the solution from flowing out too fast. As referred 

to above, this feed could have been regulated from the cock e, | 
or the pipe made smaller, but it was desired that at no time 
should the operation “ hang fire ” by clogging of a small opening 
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When thé pumping ceases, the cocks e in feed-pipes are im- 

mediately closed, and when again pumping is renewed the 
a cocks are opened. At Port Los Angeles the hydraulic pressure 
is about 92 pounds gauge, and the discharge of the pump a 
little over 11,000 gallons an hour. 

The chemical tanks are filled as required from the mixing 
vats, on the floor directly overhead, which is on a level with the 
track, as shown in Fig 94. These vats are open, and have 
1}-inch pipe connection at bottom, terminating in plug cocks 
opening downward through holes in the floor directly into the 
screened chemical tank funnels, for convenience in filling. 
The vats are rectangular in form and of such size that a 12- 
inch depth of liquid fills a chemical tank for four hours’ con- 
tinous run of pump. The weight of chemical material per 
12-inch depth of liquid in the open vat gives a standard solu- 
tion, and is based on the quality of the water and its hourly 
rate of flow through the main to the reservoir, which data give 
the key to the situation ; as, for instance, supposing analysis and 
tests of the water show that it will require 1,°4; pounds of 
unslacked lime to absorb the carbonic acid in 1,000 


gallons. 
4 The flow through the main being 11,000 gallons per hour and 


the charge to last 4 hours, then we have + « 11 1,°4;, or 72 
pounds of lime to be slacked with water to a depth of 12 inches 
(100 gallons) in the mixing vat. When slacked and mixed the 
liquid is a cream of lime, which is run off into the chemical 
tank when desired, as before stated. 

The old English method of treatment required the lime water, 
or lime in solution only, to mingle with the supply being 
treated, and large tanks with agitators were provided for the 
purpose. It has been proven that such elaborate means are not 
necessary, and that in condensed form as cream of lime the 
chemical action is just as effective by the method described, 
the agitation being accomplished in the passage of the water 
ya supply through the circulating tanks or an equivalent arrange- 
ment to effect the purpose. 


It requires about five minutes’ time to refill the chemical 
tanks and recharge with air, at which time the water supply, or 
pump, is stopped. 

The tank charged with cream of lime is provided with an up- 
right revolving shaft carrying paddles, as shown in Fig. 97, and 
works through a stuffing box in the top by means of a small air 
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motor. The paddles revolve slowly when the tank is feeding 
into the main, and their purpose serves to stir up the milk of 
lime to prevent it settling out, and thus deliver a constant 
amount of lime to the water being treated. 


We have just considered the operation of introducing quick- 
lime into the water in proper proportion to effect absorption of 
4 carbonic acid and consequent precipitation of carbonates in so- 
lution. The roily water now passes on through circulating 
tank No. 1, and this part of the desired reaction occurs more or 
less completely. As referred to before, the water supply at 
Port Los Angeles contains, besides the carbonates in solution, a 
large amount of sulphates, lime, and magnesia. 
These salts, not being converted by quicklime, require a sec- 
ond reaction. The use of the necessary amount of caustic soda 
to effect this would have been expensive, besides other objec- 
tions to its use. Soda ash was good and cheap, but would react 
with the lime, directly, to form carbonate of lime if introduced 
with it; hence its use necessitated the second chemical tank, 
with its mixing vat, which is operated by the same method and 
simultaneously with the lime tank. 
In this connection it may be stated that if the cream of lime 
and carbonate of soda were injected into the supply main from 
the same chemical tank, or in mixture, a series of chemical reac- 
tions would be set up which would theoretically terminate in the 
desired result ; but, as stated, there would be a large amount of 
: chalk formed directly, and there are other reasons why it seemed 
: best to keep the reagents separate and make of it a double con- 

tinuous process. 

The soda tank is like Fig. 97, except that it requires no stirring 

device, as the solution is some distance from saturation and 
does not settle out. The weight of soda ash put into the soda 
mixing vat is dependent on same data as before: the amount 
required to convert the sulphates being 2,7, pounds (per 1,000 
gallons), we have 4x11%2,%,, or 96 pounds to be dissolved in 
water to 12 inches depth in the mixing vat. 

The lime is prepared by placing the stated weight of a good 
commercial article (fresh burned preferred) in the vat and let- 
ting in from an adjacent hydrant enough water to slack, after 
which more water is added to the required 12-inch depth. 

The soda is prepared in its vat in the same manner, except 
that it is simply a matter of solution which is quite strong yet 
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not saturated, hence no separation or crystallization of sal soda 
oceurs in the chemical tank. 
As the water in the main receives its second injection from 
? the soda tank, it passes on through the circulating tank No. 2, 
where the carbonate soda effects its reaction more or less com- 


j pletely, and thence on to tie storage and settling tanks, which 
‘are at least large enough to contain 24 hours’ supply. The 
treated water is milky with precipitated carbonates, and dis- 
charges through the inlet pipe about 4 feet from the tank bot- 
tom. The outlet to this tank is a piece of 4-inch wired hose, 
the open end of which attaches to a float on the surface, as shown 
in Fig. 95. By this means the clearest water in this tank passes 
on to the second similar tank by the same method. Clear 
water is always obtained from the surface outlet of the second 
tank. 

The chalk deposit is considerable at the bottom of the set- 
tling tanks and has to be drawn off occasionally, which is effected 
| by the “spider-drain ” system shown in Fig. 95, which consists 
in tapping the tank bottom with seven 4-inch drain pipes. The 
location of these drains is shown in the plan of one of the tanks 
(Fig. 95), the drainage areas being indicated by the tangent 
dotted circles. 

The vertical 4-inch drain pipes open into larger horizontal 
pipes, and these into a 9-inch pipe at right angles, terminat- 
ing in the sludge valve shown at », Fig. 95. This valve dis- 


charges downward into the sluice box, and when opened the tank 


» 


bottom is drained from seven equidistant openings, which keeps 
the chalk deposit down near the tank bottom and prevents the 
“angle of slope” which the deposit would assume with but a 
{! single central discharge, whereby the deposit would accumulate 
up along the sides of the tank to interfere with clear settling, 
and would also require an occasional scraping or shovelling out. 
Each of the tanks is provided, independently, with this spider- 
drain arrangement, though both sludge valves discharge into 
the same sluice box. 


Experiments were made in the laboratory by the author on 
the time practically required to complete the chemical reactions. 
During the first hour after treatment it was noted that the sedi- 
ment or chalk kept forming in addition to that deposited, show- 
ing that chemical action, as far as observation would show, was 


not complete, though at the end of two hours no more precipi- 
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tation occurred even in decanted water if left standing some 
days. 

While for practical purposes it has been determined that 
sufficient tankage for a day’s supply is ample to insure settled 
water, the system can be used by putting up a number of 
smaller tanks with less total capacity than a day’s supply, pro- 
vided the surface water from each tank drains to the lower part 
of the next, and so on, the final supply coming from the tank 
farthest from the water station. This, however, is a matter of 
circumstance and expense dependent on local conditions. 

The following analyses are shown of the Port Los Angeles 
water supply in tabulated form “ before ” and “ after” treatment. 
The analysis “ before” is one of several which were made at 
intervals during a year previous to putting in the treating 
system. None of these analyses varied materially with the 
season. The analysis “after” was made about two months 
after the system went into operation, and is also one of several 
made during the past year, without showing material variation 
in the treated supply. 


SOURCE OF SUPPLY, WELL IN BED OF SANTA MONICA CANON, 
ABOUT 100 YARDS FROM PACIFIC OCEAN BEACH 


BEFORE. AFTER. 


Date of Analysis. March, 1896. December, 186. 


| Lime, 1,8, pounds. 
rat > 000 s, 1. 
Treatment per 1,000 Gallon Soda Ash, 2,4, pounds, 


Contained in the water in solution in grains 
per U.S. gallon: 

Carbonate lime 

Sulphate lime 

Carbonate magnesia 

Sulphate magnesia 


Sulphate soda.... 
BOGR. 


‘Total 


Incrustating matter 10.04 
Non-incrustating matter 2.8 33.68 


Cost per 1,000 gallons to treat, 4 cents. 


The above analyses are presented as showing in a commercial 
way the result of the treatment. The treated sample was taken 
from the supply pi 
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a mile and a quarter from the settling tanks, which are placed 
on top of a bluff across the canon and about 160 feet above the 
track. 

The photograph (Fig. 99) shows the pump house and chemical 
floor addition thereto, at the right. The view is looking north 
toward the company’s mammoth wharf, which partially shows, 
making out into the ocean to the left. The settling tanks are 
on top of the bluff and behind the trees growing there. 

Returning to a discussion of the “treated” analysis, there 
is shown to be 7.15 grains per gallon, carbonate of magnesia, 
remaining in solution. Its presence seems due to the fact that 
the well water contained more carbonic acid than allowed for 
as in combination with carbonate of lime; hence the carbonate 
soda in its reaction with the sulphate magnesia produced, in 
part, the soluble bicarbonate of magnesia. It was found sub- 
sequently that an increase in amount of quicklime from 1,°,4, to 
2 pounds per 1,000 gallons reduced the carbonate magnesia to 
about 3 grains per gallon, without an excess of lime showing in 
the treated water. 

The analysis shows almost 28 grains of the neutral sulphate 
soda. This alkali is not desirable, as having a tendency to 
produce foaming if allowed to become too concentrated in 
the boiler, but is neutral in other ways as affecting water for 
boiler use. Its presence is unavoidable, as being the direct 
product of soda ash and magnesia sulphate (Na,CO, + MgSO, 

MgCO, + Na.SO,). The greater portion of the MgCO, is 
precipitated, but the soluble Na SO, necessarily remains, and, 
like other alkali salts, can only be removed from a water by 
evaporation. 

While the treated water is not shown to be “ purified” in the 
proper sense of the term, yet it is converted to a fairly good 
water for boiler use. Previous to treatment the water formed a 
large amount of very hard scale, with considerable corrosion. 
I have seen pieces of this scale 1} inches thick and weighing 
over a pound, which could be best pulverized on an anvil. 
Analysis of this scale showed it to contain very much more of 
the hardening element (sulphate of lime) than was due to the 
amount of that element existing in the water before use ; hence 
it seemed most probable that superheating of firebox plates to 
force heat through the intervening scale to make steam led to 


decomposition of the sulphate of magnesia, forming, with the 
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carbonate of lime, more sulphate of lime and carbonate of 
magnesia. The superheating of the plates from the cause stated 
would possibly lead to decomposition of a film of water next to 
them and account for the corrosion, as oxidation under these 
circumstances would seem bound to occur ultimately. 

It is not in place here to present chemical conundrums, and 
the authorsis not prepared to state whether the firebox and 
boiler flue corrosion was due to this cause or the carbonic acid 
in the well water. Before treatment the water badly corroded 
the supply pipes or water main leading to and from the supply 
tanks. I believe this corrosion was due to the carbonie acid in 
the water, as there are several instances which have come to 
notice at other points where corrosion in iron conduits of other- 
wise excellent water are producing disastrous results which can 
be traced to no other source as easy of explanation. 

A switch engine with clean boiler was put to work on the 
wharf at Port Los Angeles, using only treated water, not long 
after the plant was put in operation, and observations made at 
intervals on the action of the water. No scale forms from its 
use, but asmall deposit of magnesia sludge, having no tendency 
to form seale, has at times been observed. Otherwise the treat- 
ment has greatly improved the quality of the supply. 

The author has done considerable experimenting in his labo- 
ratory, using different reagents and methods for the purpose of 
treating waters for steaming purposes. All samples were ana- 
lyzed after treatment, and the double method described seems : 
to have been much the more satisfactory in result. 

As to the chemicals used for treatment, there are other re- 
agents in the market for the purpose. Fluoride, phosphate, and 
hydrate of soda are among these and with which experiments were ' 
made, but the market price of these materials is not comparable 
with the dry carbonate, or soda ash, for the results produced. 

If, for instance, we wish to reduce the sulphate of lime in a well 
water (permanent hardness), it is practically immaterial whether 

the precipitate formed is fluoride or phosphate of lime, the neu- 
tral sulphate of soda (or potash) will remain as formed in the 5 
chemical exchange of bases. The phosphate acts somewhat 
quicker and the precipitate is heavier and settles sooner, but its 
cost is incomparable with soda ash (90 to 94 per cent. absolute 
Na,CO,) at less than two cents a pound. 


As coneerns the “ temporary hardness ” 


in natural waters 


f 
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produced from bicarbonates of the scale forming bases, there 
seems to be no better or cheaper method of reduction than by 
use of quicklime. No reagent obtainable at the price will absorb 
carbonic acid more greedily. It is itself precipitated as carbonate 
of lime by the carbonic acid which it has taken up, and in thus 
depriving the naturally contained carbonates of their solvent 
allows them to precipitate also. Besides this, it will throw out 
of solution iron and silica to a certain extent as well as organic 
matter. 

Some waters, from absence of incrustating sulphates, do not 
require the double treatment. For such stations the lime treat- 
ment alone is sufficient, and one tank, Fig. 97, with its adjacent 
circulating tank, Fig. 96, is made to serve. 

The “standardizing” of the process for treatment of such 
waters as may thereby be benefited has been based on the fol- 
lowing principles : 

All tanks, vats, ete., to be made in sets of three sizes, the 
smallest being adapted to water stations having a delivery of 
4.000 gallons per hour or less, the second 4,000 to 8,000 gallons, 
and the third 8,000 to 12,000 gallons. 

Storage and settling capacity for a station to be suflicient for 
at least 24 hours’ supply, unless circumstances allow other ar- 
rangement as to settling. 

The character (from analysis) and rate of tlow of water at a 
station being known, it remains to substitute such weight of 
reagents in a circular of direction, properly posted at the water 
station, as will supply necessary instruction to a person of 


DISCUSSION, 


Mr. Albert A. Cary.—The purification of water for boiler use 
is a most important subject, which, I regret to say, has been 
sadly neglected by American engineers, and, in consequence, we 
find steam boilers all through this country suffering from pit- 
ting, corrosion, and scaling, which results in more or less rapid 
deterioration and increase in fuel bills, to say nothing of the 
worry and trouble connected with the attending repairs made 
necessary, and the laborious work required to keep the boiler 
in running condition. 

This state of affairs is, in a majority of cases, unnecessary, 
as there are very few of the troublesome boiler waters which 
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cannot be treated in a comparatively simple manner by either 

mechanical or chemical means so that the boiler will be sup- 

plied with, practically, a pure water, and where water has been 

troublesome in boilers, such purifying equipments will be found 

to be one of the best paying investments in the entire steam 
plant. 

Undoubtedly, the best method of treating boiler waters is to 
rob them of their sealing or corroding matters before allowing 
them to enter the boiler, but in some plants the equipment 
necessary for this purpose is regarded as too costly, and then 
there remains simply “the next best thing to do.” Following 
this, and without proper advice, we find the boiler user often 
the vietim of the many boiler quacks with both mechanical and 
chemical eures for all boiler troubles, who “treat” the water 
after it is fed into the boiler. All that the honest treatment of 
water inside of the boiler consists of is simply the use of some 
substance which will keep soft such scale as tends to form a 
hard, resisting crust, until it can be blown out, or removed by 
some continuous process, or else the use of some apparatus 
which will draw out continuously, or intermittently, the scale- 
forming matter before it has time to form a hard crust. These 
results can be obtained in the usual partially perfect way by the 
use of the cheapest chemicals or apparatus. 

Many of the co-called boiler compounds are composed of 
these very cheap chemicals, but they are sold at prices ranging 
from five to twenty-five times their actual value, and as many of 
them contain positively harmful ingredients, I would advise 
boiler users to adopt them only after consultation with an ex- 
perienced chemist or expert. 

sy describing this method of internal treatment of boiler feed 
waters I do not wish to be understood as endorsing the method, 
although I have been forced to adopt it in certain cases. I 
believe that a boiler has all it can do to furnish the steam 
required without converting it into a chemical laboratory, as ill 
results are pretty sure to follow such misusage sooner or later. 

External mechanical treatment of boiler waters depends prin- 
cipally upon the fact that when water contains certain sub- 
stances in solution, and when the temperature of such water is 
raised above a certain degree, more or less definite, this dis- 
solved matter cannot remain longer in solution and, therefore, 
it is precipitated and held in mechanical suspension. This 
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precipitate, in one treatment, is deposited into the top, or onto 
the bottom or sides of catch-pans, where it is supposed to 
remain, the clear water passing onward into the boiler. 

Filters are also used to remove all kinds of mechanically sus- 
pended matter, whether existing originally in the water or else 
being precipitated by some process from a chemical solution. 

In the paper before us we find an external treatment by 
chemical means, which is very effective when properly designed — 
and manipulated. 

Mr. Stillman speaks of basing his process upon the Clark or 
Porter-Clark process. One might infer from what he has said 
that both of these processes are identical, but this is not so. 
The Clark process was originally a simple lime process; the 
lime-water (not cream of lime) is mixed with the water for treat- 
ment by the simplest means, and the precipitated carbonates 
were allowed to settle slowly in large and expensive tanks. The 
sulphates of lime and magnesia present in the water were not 
eliminated by this process. Mr. Porter followed Mr. Clark's 
invention with an arrangement by which he mixed the lime- 
water with the water for treatment, by use of revolving paddles, 
and then, without waiting for the precipitate to settle, he forced 
his water, with its mechanical solution, through a filter press, 
from which was delivered practically clear water. 

In the method described by Mr. Stillman he treats his water 
in two separate processes, first mixing his cream of lime in the 

rater for treatment, to throw down the carbonate of lime and 

carbonate of magnesia, and afterwards he mixes the carbonate 
of soda (or soda ash) with this partially treated water to throw 
down the sulphates as carbonates. 

To those who are not familiar with these chemical reactions 
in the treatment of boiler feed waters, who care to follow this 
subject, I would refer them to a popular article which I wrote, 
and which appeared in the March, April, May, and June num- 
bers of 1897 in the Engineering Magazine. 

I have been quite successful in treating similar water to that 
described by Mr. Stillman, by a single-process method, using, 
instead of the cream of lime, lime-water, which I have found 
very much more satisfactory, and instead of using the carbonate 
of soda, I have used caustic soda, which acts quicker than the 
carbonate of soda, and seems more powerful in its effect. Prob- 
ably (when acting upon the sulphate of lime) it more readily 
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decomposes the sulphate of lime, forming sulphate of soda 
(which is soluble) and liberating hydrate of lime, which readily 
absorbs the available carbonic acid, thus resulting in a most 
desirable reaction. 

My lime-water is made in one of a pair of tanks, while the 
completed solution is being drawn from the second similar tank 
of this pair. The solution of caustic soda is drawn from one of 
another pair of tanks. To introduce these two solutions in a 
fixed proportion to a given volume of water to be treated, I use a 
large pump to feed the water to be treated to two large settling 
tanks, and attached to the piston rods of this large pump are 
two small pumps, similar to those used for feeding oil to serew 
machines. The length of the stroke of these small pumps is 
made variable so that they will each deliver a definite propor- 
tion of the two solutions with the water for treatment, and thus 
I obtain a fixed and positive chemical mixture in exactly the 
right proportion. 

The two large settling tanks are similar to those described by 
Mr. Stillman, with the exception of having a stirring device 
which insures a positive mixture of the solutions with the 
water. After taking the treated water from the settling tanks, 
I pass it through a filter or filter press, and thus rob the water 
of all of its mechanically suspended matter, putting the purest 
possible water into the boiler, containing never more than the 
equivalent of three grains of carbonate of lime per U.S. gallon. 

In Mr. Stillman’s apparatus we find that after the “ cream of 
lime ” and solution of soda are mixed in the tanks on the upper 
floor, these are fed by gravity into the ‘supply tanks” below, 
and then air is compressed over the surface of the liquid in 
these “supply tanks,” which causes these solutions to flow on 
and enter the “ circulating tanks,” with the water for treatment. 
This method of feeding solution may do for plants where a 
constant quantity of water is pumped almost continuously, but 
I am afraid that for variable loads, such as occur in mills and 
electric lighting and power stations, there would be a great deal 
of trouble in securing exact proportionate mixtures of the solu- 
tion and the water for treatment by feeding in this way. In the 
circulating tank described by Mr. Stillman, I do not see how it 
is possible for a perfect mixture of the water for treatment and 
the solution to take place. The analysis given by Mr. Stillman, 
on page 424, showing the condition of the water after treatment, 
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would indicate this to be the fact. I believe that with a good 
stirring apparatus placed in the circulating tanks, and with the 
removal of the shelves or baffles shown, very much better results 
could be obtained. 

I am interested to know how Mr. Stillman cleans out all of 
these tanks. A precipitation certainly must take place in them, 
and I caunot see how they can be properly and easily cleaned. 
In the first process, where the “cream of lime” is used, many of 
the little particles of suspended lime must become inoperative 
by receiving a coating of carbonate of lime, when they come in 
contact with the carbonic acid in the water, and it seems to me 
that the “cream of lime ”’ would deposit some of its suspended 
matter upon the shelves of the circulating tank, where its sur- 
face would soon be changed to the carbonate of lime, and the 
balance beneath then becomes inoperative. When the “ cream 


of lime ” is used for this purpose, a very considerable percentage 


must be wasted, and therefore a large excess of lime is necessary. 

From the last “circulating tank” Mr. Stillman passes the 
water on to the large settling tanks, and his method of connect- 
ing them in series, although not new, is excellent. 

I referred a copy of this paper to the We-Fu-Go Company, of 
Cincinnati, who treat waters in a very similar manner, and in 
reply to my letter they state: “. . . It seems to us that the 
only advantage in using a continuous process is that it can be 
made more or less automatic in its action, and in this way 
reduces the amount of attention or labor necessary to keep it in 
operation, and, furthermore, that a properly designed apparatus 
of this kind would furnish a greater quantity of purified water, 
with a given sized plant, than by the intermittent method of 
purification. 

“Tt seems to us that Mr. Stillman has failed to accomplish 
these points. : We doubt if his apparatus can be run with as 
little attention, and I also doubt whether his apparatus would 
not cost more for a given capacity than is claimed. Further- 
more, I think it extremely doubtful whether he can get per- 
fectly clear water from his plant, although he states that he 
ean. . . . In regard to feeding, I think that your method 
is superior to his, but of course you would not be able to handle 
a cream of lime in place of lime-water. It is pretty hard 
to state, without having had sufficient practical experience, 
whether a cream of lime could be used successfully, but I know 
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that it is contrary to all other experimenters in this line. . . . 
There is no question but what stirring the water with a paddle 
is better than mixing it as he does; in fact, I doubt whether it 
could be mixed successfully in that way. . . . There is 
no good reason why he should not be able to add all his re- 
agents at one time, so far as we can see it, although he may 
have other reasons, which he does not state in this paper, for 
doing this; but the experience of others has not shown that 
any benefit is derived by separate treatment. 

“Kindly ask Mr. Stillman if he ever had any trouble, or still 
has trouble, with the injectors which feed this water into the 
boilers, or with the check valves. We would be inclined to 
think that with the water handled in this way there would be 
some trouble due to a deposit which would form.” 

In conclusion, I would say that if this discussion has raised a 
question of doubt in the minds of any of the gentlemen present 
as to the ability of this form of apparatus to perform its work 
satisfactorily, easily, and economically, I will say that such 
doubt may be dismissed at once, as this process is a very 
efficient and desirable one, and it is one very largely used in 
England, France, Germany, Austria, and Belgium, while here 
in America we are just rubbing our eyes and waking up to 
appreciate the very material saving which it affords in pro- 
longing the life of the boiler, in saving fuel, and in reducing 
our bills for cleaning boilers. 

Mr. L. S. Randolph.—I notice the paper svys something in regard 
to the objection to making a chemical laboratory of a boiler. I 
have had this problem to handle on one or two occasions, and I 


had that same objection at first. I have used soda ash, soda 
that is, carbonate of soda 


and quite a number of different chem- 
ical compounds, and I failed to detect the first signs of corrosion 
or failure of the boiler. In the last year or two, in fact about 
three years ago, I had a preblem of this kind referred to me. 
We had a 60 horse-power return tubular boiler which was chock 
full of lime, and I do not suppose we got more than 40 horse- 
power, and had to drive pretty hard to get that. I was asked 
if there was not some cure for it, and my reply was that there 


was no excuse for scaling. We used a carbonate of soda, and 
the seale commenced to come off rapidly, in fact so rapidly that 
we could searcely keep the boiler cleaned out. It also had the 
effect of making the flues leak. The flues had scaled around 

28 
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and become hard and brittle and crystalline, and they had also 
drawn away from the flue sheet, allowing the water to get there ; 
then the scale would form between the flue and the sheet and 
choke it up. As soon as the soda struck this place it would 
take the seale out and the boiler would leak here, but this leakage 
caused external corrosion to such an extent that we had to 
throw the boiler away and get another. Since that time we 
have been using a compound, which is said to be a secret com- 
pound. Ido not think it is anything more than carbonate of 
soda, but it kept the boiler perfectly clean. We blow out pretty 
regularly, and clean out probably once in two or three weeks. 
We have two 30-horse-power boilers in which we have been 
using soda ash and commercial carbonate, sometimes one, some- 
times the other. We put two to three pounds of soda in every 
two weeks, the water having about one-quarter to one-third of 
the scale-forming impurities which the author mentions. These 
boilers are clean, and give us no trouble whatever. There is 
scarcely no scale on at all. I examined both of them very care- 
fully and have yet to find any sign of corrosion. Several years 
ago Mr. Gibbs, of the Chicago, Milwaukee, and St. Paul Rail- 
road, published an article in the Radlroad Gazette which goes 
into this thing very thoroughly, and I am satisfied from my own 
observation, and what I remember of his article, that the cost of 
using chemicals in the boiler is very much less than one would 
have from this method on a basis of four cents per thousand 
gallons. I am not prepared to say, though, that that method 
of putting chemicals in the boiler would answer where you have 
as much scale-forming matter as this water has. I know it has 
worked very satisfactorily up to a range of twenty-five grains per 
gallon of total solids. This article of Mr. Gibbs stated that he 
used there soda ash and soda. In my own neighborhood at 
Roanoke I found that the Roanoke Machine Works, where they 
had a thousand or so horse-power using very bad water, most 
of it lime carbonate and suiphate, they had no difficulty. When 
asked how they managed it, the reply was: “Our firemen put 
in a little soda every now and then.” In regard to the action 
of carbonic acid gas en iron: I have had at one time and 
another considerable experience in that line, and am rather in 
doubt as to its having any effect. We find no corrosion what- 
ever where we have been running two or three years, and 
frequently I have found that cases of corrosion were unques- 
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tionably due to the expansion of the boiler or the steam pipes 
causing the oxide of iron which formed to crack off, allowing 
the water to come in contact with fresh iron. In a paper read, 
I think, at the Chattanooga meeting of this Society, I called 
attention to the effect of these strains in causing corrosion. My 
attention was first called to it on an old anthracite engine on 
the Erie Railroad, where we had long flues from one end of the 
firebox to the other, and between them short thimbles going 
from the inside of the firebox to the outside. Now, under these 
thimbles, where the two sheets were held rigidly together, there 
was no corrosion, but under the long flues there was consider- 
able corrosion; the only explanation we could get was that the 
contraction and expansion of those long flues bent the sheet 
and caused corrosion immediately under it. 

Mr. BE. N. Trump—F rom an experience in the purification of 
feed-water for boilers of about 12,000 horse-power, in the last 
ten years, we have found that soda ash is the best ingredient 
for the purpose. We used caustic soda when we first started 
in, but it seemed entirely unnecessary to use a more costly 
material. The purification of water depends entirely on the 
composition of the impurities, and no one should attempt to 
purify any specifie water without knowing its analysis. The use 
of soda ash will take out only the sulphate of lime. The 
carbonate of lime can be removed either by quicklime or by 
heating the water to a temperature of about 60 degrees centi- 
grade. We use probably 2,500 tons of water per day, and we 
purify it by mixing it with a measured amount of liquor con- 
taining a known proportion of soda, which is put into it in 
tanks, the water having been previously heated by the use of 
exhaust steam, or we use waste waters which are already hot. 
The correct quantity of the solution is ascertained by the water 
being tested carefully by the use of chemical reagents. It is 
necessary to have quite a large tank, and a considerable amount 
of time, to allow the reaction to properly take place. The pre- 
cipitation of the carbonate of lime, produced by the reaction 
between the sodium carbonate and the sulphate of lime, goes 
on quite slowly, and it is necessary to allow a little time. We 
remove that precipitate by the use of sand filters, which seem 
to give rather more economical results than an ordinary filter 
press. In Europe a great many of the German works purify 
water in this same way by the use of a settling tank. The 
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apparatus is in a simple plant of a single tank with a central 
pipe, in which the water is pumped, the reagent being allowed 
to drop into it continuously. The settling is produced by a 
series of inclined plates, through which the water rises very 
slowly, and the sediment precipitates into the lower part of the 
tank (which has a conical bottom) and is drawn off. We have 
used the confinvous system quite suecessfully by using a sand 
filter in connection with the boiler, allowing a solution from a 
small tank, in which the soda ash is put and dissolved in water, 
to drip slowly into the suction of the pump. It is necessary, 
however, in that case to circulate water from the blow-off of the 
boiler through the same filter, in order to obtain a temperature 
of 60 degrees centigrade. We have two pumps, one for pumping 
water into the boiler, and a small pump for cireulating from the 
blow-off of the boiler into the same filter. In a small boiler 
plant, where we have only about 600 horse-power, we obtain a 
perfect purification of the water by the use of soda ash only. 
We use no lime, because as long as the water is hot enough 
precipitation takes place without any difficulty. The carbonic 
acid is driven off by the heat, the bicarbonate of lime decom- 
posed, and the carbonate of lime immediately precipitated. The 
purified water contains sulphate of soda, and a quantity of the 
water in the boiler must be blown off at intervals or the water 
will foam. As the simplest method of determining the amount 
of sulphate of soda, we use the Beaume hydrometer, and when 
the test is above three degrees we find we must blow off or we 
get foaming. The boilers have stayed very clean indeed. When 
we started this process we had as much as half an inch of seale in 
three months, and in some eases the boiler tubes were almost en- 
tirely closed up. It became necessary to do something, and about 
ten or twelve years ago we designed a plant for the purpose of 
removing the impurities from the water before feeding it into the 
boiler, which is the most satisfactory manner of dealing with it. 
Before that time there were various compounds presented to us 
for use in our boilers, all of which were analyzed (as in the 
course of our business we analyze all the substances we deal 
with), and we found a majority of these compounds had from 
75 to 90 per cent. of soda ash, and it seemed, therefore, that the 
soda ash was the only ingredient which it was necessary to 
use, and undoubtedly it is the best for the purpose and the 
cheapest. 
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high prices, which are of no value whatever for the purification, 

* because they are often used in waters which have no impurities 
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at many substances which are now sold at very 


which they will precipitate. 
. A Member.—I would like to ask the member where his boilers 
were located, and what style of boilers he referred to. 
Mr. BE. N. Trump.—Babeock & Wilcox boilers, which we are 
using in Syracuse. 


The following analyses of water, before and after purification, 
vi are submitted as an example of the process. 
; All quantities in grams per 1,000, 


Water Water 
Before Purification, After Purification. | 

CaS°, (Calcium Sulphate)................. 0405 
CaHC®; (Calcium Carbonate).............. .090 
(Magnesium Carbonate),.... 004 
Na.S°, (Sodium Sulphate)................ .1007 
Na.C°®, (Sodium Carbonate)............... .299 


The purification of this water was accomplished by adding to 
the impure water about five pounds of soda ash per 1,000 gallons. 
Only about three-fifths of this is theoretically required to do 
the purification, and the balance appears as excess, but we have 
] found this excess necessary to produce proper precipitation of 
the impurities. 

Mr. Samuel M. Green.—In a battery of Manning boilers of 
. ‘ about 600 horse-power, at the mills of the Merrick Thread 
Company, Holyoke, Mass., we have had a great deal of trouble 
from scale forming upon the tubes, and then dropping down 
upon the crown sheet. Many kinds of scale resolvent have been 
tried, including soda ash, kerosene and crude oil, but it has 
been found almost impossible to keep the tubes from leaking. 
About three years ago an electro-purifier was brought to my - 


attention. It consists of a series of copper and zine plates 
placed in an upright pipe. The feed-water is passed up through 
this pipe, and comes in contact with the zinc and copper plates. 
It was found necessary to keep the temperature at above 170 
degrees. When putting in this purifier I did so with a great 
deal of misgiving, but it has since proved itself reliable. I do 


not think that its action upon the scale-forming properties in 
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the water has been explained, but the fact remains that our 
boilers have been free from seale since its installation. The 
scale, instead of forming hard upon the boiler surfaces, is 
deposited in the shape of mud, which is blown out every day. 
The zine plates in the purifiers are renewed once a year, at a 
cost of about ten cents per horse-power. 

[ have put this purifier upon several plants, in one case par- 
ticularly where the water was from an artesian well. In this 
plant as soon as the purifier ceases to set the boiler imme- 
diately becomes coated with scale. As long as the zine plates 
are active the boiler is kept clean. 

Mr. Randolph.— Would the speaker be willing to mention the 
maker’s name of the heater and purifier of which he speaks ? 

Mr. Green.—This purifier is made in Hartford by the Curtis- 
Hull Manufacturing Company. It was, [ think, originally a 
Chicago invention. 

The zine and copper plates are in the shape of rings, with 
fingers projecting towards the centre. The copper plate is 
simply a thin sheet metal, the zine plate being a ring about 
three inches long. The two purifiers we have are about ten 
inches internal diameter and are each about five feet long. 

Prof. R. H. Thurston.—-What becomes of the solid matter 
precipitated ? 

Mr, Green.—The mud which is precipitated in the boilers is 
blown off every day, and the boilers are washed thoroughly 
once in two weeks. There is almost no hard scale except that 
which collects upon the tubes—a very fine, feathery deposit. 

Mr. Wm. Kent.—I saw that electrie purifier at the Electrical 
Exhibition in New York, two years ago, and, after hearing what 
the gentleman had to say who was advertising and selling it, 
I came to the conelusion that it was a humbug, and I have not 
yet found any reason to change that conclusion, There is a 
principle laid down by Herbert Spencer that every cause pro- 
duces more than one effect, and every effect comes from more 
than one cause. That is a very important thing to remember 
in engineering. When one puts this electrical purifier on to a 
boiler, some other thing took place at the same time which did 
the work of diminishing the scale, and the so-called electric 
purifier itself didn’t do it. It was a change in the blowing off, 
or in the water, or something else. 

Wr. Geo. I. Rockwood.—I do not fully understand Mr. Kent. 
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He is full of paradoxes at this meeting. He says there are 

humbugs which are successes, which is a brilliant paradox. 
“ But facts are stubborn things. Now, Mr. Kent, as I understand 
the purport of his remarks, takes the ground of the man who 
wanted his boat painted and said “I don’t care what color you 
paint it, as long as you paint it red.” Mr. Green is as hard a 
man to convince of the truth of extraordinary claims as any one 
of my acquaintance. What does he say his experience has been 
with these purifiers? He states that his boilers, which had 
been covered with scale, and given trouble by giving out at the 
tubes for years, were rendered clean, and kept so, by simply 
changing the plant in one respect; that is. by adding these 
purifiers. Not only is this Mr. Green’s experience, but it is 
the experience of several others. I also know that this puri- 
fier has been unsuccessful in some eases. I see a friend here 
now who has one that is partially unsuccessful, if not totally 
so. I would also say that I met the entertaining salesman 
whom friend Kent described so fluently, and I may say I 
said as much to him myself. However, I think that we en 
gineers do make a great mistake in presuming, as we often 
do, that we have the whole of the applicable theory of any 
given problem, and we do well to “go slow” in stating our 
positive opinions. 

Prof. R. WH. Thurston—1 am reminded of a device for such 
purification of boilers, an “ anti-incrustator,” brought out 
years ago. It was an “electric purifier,’ and we had marvellous 
reports of the results of its application in various directions— 
and quite as marvellous reports of the things it did not do in 
other cases. I always had the feeling, although without per- 
‘sonal experience in the matter, that there was something in the 
thing, after all; there seemed to be unquestionable testimony 
of its efficiency in many isolated cases, notwithstanding the fact 
that it still more frequently failed. Years after that it became 
customary, in the management of marine boilers, to introduce 
slabs of zine, and the French, the British, and our own navy 
have been accustomed, now for years, to prescribe the introdue- 
tion of slabs of zine into their boilers, set in metallie contact 
with the metal of the boiler itself. That makes a Voltaic Sys- 
tem, and I do not suppose any man, to-day, who is at all familiar 
with that sort of practice, has much doubt but that the intro- 


duction of zine has proved itself to be often very valuable ; I 
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am not at all sure that it is not always successful where it is 
properly used. 

Mr. Kent.—What is it used for—to prevent pitting, isn’t it ? 

Professor Thurston.—No ; it seems, for some reason, which I 
do not quite understand, to prevent the sulphate of lime coming 
down in the form of hard seale. It is still sulphate of lime, but 
it does not cover the heating surface with incrustation; it is 
not hard as marble or harder, as is often the ordinary seale, and 
it is easily washed out. This particular device, just referred 
to, is one with which I am not familiar; but it is evidently 
simply a device for the introduction of zine, not into the boiler, 
but into the warm feed-water before entering the boiler. The 
presence of the copper may not be of the slightest importance, 
because if zine is placed effectively in contact with the iron of the 
boiler we have a Voltaic cireuit—perhaps not as effective, per- 
haps not giving as high difference of potential, as the electri- 
cians say, as with copper, but the effect would be the same in 
kind. Iam inclined to think that this may not’ be a humbug, 
after all. 

Mr. W. F. Durfee.—At the risk of being voted a humbug with 
a great deal of unanimity by our sceptical friend, I will state 
some experience of my own. In 1867 I had under my charge, 
among other boilers, a small locomotive boiler of ten or twelve 
horse-power. We were using the water of Lake Michigan in 
that boiler. There was a hard seale deposited which gave us 
a great deal of trouble. and some one—I do not recollect now 
who it was, and am not at all sure whether he had a patent on 
the idea or not—suggested that we get a small battery and put 
this boiler in the cireuit. We got a battery, a single cell holding 
about a quart—an ordinary battery, zinc and copper element; 
nothing unusual about it—and connected the smoke box of the 
boiler with one wire, and the firebox with the other. (Laughter. ) 
Now, that was an electrical system pure and simple. There was 
no question of zine having anything to do with the water, and | 
ean testify, at the risk that I assumed in getting up, that the 
seale, or the material of the scale after that connection, and 
while that battery was in use, instead of being deposited as a 
hard, adherent solid, difficult of removal, was precipitated as a 


Mr. Gustavus C. Henning.—I would like to say that chemists 
have very carefully explained the reason why an electric current, 
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in the presence of steam generation, will or will not permit the 


Tn 


waters which contain certain elements, if an electric current of 


production of hard or soft scale; that is, hard scale or mud. 


any kind is introduced, scale cannot form because crystallization 
Now, the 
effect of this copper and zinc in a boiler, instead of the boiler 
itself forming the positive electrode as the copper would do, a 


cannot oecur in the presence of this electric current. 


better current is established than in case of the ordinary method 
of introducing zine into boilers referred to by Dr. Thurston. 
If a strong current be established the boiler under certain cir- 
cumstances will suffer and become leaky in the course of time. 
If a copper electrode, which is the positive one, be introduced, 
the zine will all be eaten up and no danger will come to the 
boiler. This battery is simply more powerful. Now, it is a 
well-known fact that in many chemical transformations one 
result will be produced in cold water, another in warm water, 
and totally d‘fferent results when the material itself is affected 
by an electric current, either surrounding or passing through 
it in the presence of heat; and that would appear to be the 
simple solution of the problem here. A battery as described, 
of zine and copper, can prevent the formation of a crystalline 
structure in the presence of the right sort of an electric current 
pissing through the liquid which contains the materials. Of 
~ course if the water does not contain the right materials or some 
others which counteract the effect of the current, scale will form, 
or there will not be any deterrent action, but in conditions like 
those which Mr. Green has to contend with, the electrie current 
undoubtedly does the very thing: it prevents the formation of 
crystalline sulphate or carbonates, and allows them to remain 
in suspension in a shape in which they can be blown out; and 
gq think that what Mr. Green said is entirely so—that he has a 
case in which his practice bears out the true theory, and of 
course those who do not know the true theory might say that 
the battery or device used is a humbug. 

Mr. C. L. Newcomb.—Having tried one of the Curtis-Hall 
Manufacturing Company’s Electric Automatic Feed-Water Puri- 
fiers, and being the gentleman at whom Mr. Rockwood seemed 
to be looking when he remarked, “That some men tried thie 
purifier with success and some without,” I feel that I should 
add my experience to what has already been said on the sub- 
ject. At the suggestion of Mr. Green, I located one of these 
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so-called electric purifiers in the feed-pipe of my boiler plant, 
which consists of two 80-horse-power horizontal fire-tube boil- 
ers, carrying ninety pounds gauge pressure of steam. Feed-water 
is pumped through a coiled exhaust-steam feed water heater, 
then through said purifier. The purifier receives the feed- 
water at about 200 degrees. The purifier was in use about six 
weeks, and the inside of the boilers was, during this time, 
beautifully whitewashed by the deposit which the purifier did 
not remove from the water. I then called in the manufacturer 
of the purifier for advice, and he explained the inactivity of 
the purifier by saying “It was on wrongside up,” and, on 
his advice and assurance, I turned it over. (Laughter) I 
could not see what difference turning it upside down was 
going to make, but being willing to give it all the chance possi- 
ble, I turned it over and used it again for about six weeks or 
perhaps two months—long enough to burn out the tubes of a 
Lamprey water front over the firing doors. The inside of the 
boiler continuing to be beautifully whitewashed with deposit, 
I then cut the purifier out, and notified the manufacturer that I 
would do no more experimenting with the purifier, unless he 
would bear the expense, which he would not do. Therefore my 
use of the purifier stopped, and my direct experience ended. 

The water used was taken from an artesian well, the hygienic 
analysis of which is as follows: 

HYGIENIC ANALYSIS OF WELL WATER FOR DEANE STEAM PUMP COMPANY. 


The water contains in 1,000,000 grains : 


Lime and magnesia........ 9 grains. ‘<j 


Odor—none. 


Aspect—perfect. 


The water contains : 
Sewage—none. 
Surface water—none, 
Hardness—1 degree. 
Lead—none. 

Purity (scale for alluvial soil)—98} per cent. 
General character—an excellent water ; no impurity of any account, 
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It is interesting to notice that this analysis shows a good 
quantity of common salt, which should make the galvanic action 
strong and the purifier efficient, according to the manufacturer's 
statements. 

I wish to say that Mr. Green has, to my knowledge, one of 
these electric purifiers ona plant that takes its water from a 
driven well, located only about 200 feet distant from the well 
from which I took the water for my experiments. The purifier 
on this plant seems to give fine results. 

It may be well for me to say that it was not necessary for me 
to use the well water for my boiler, as I have a good supply of 
Connecticut River water, which is excellent for boiler purposes. 
The well water is used in the plant for drinking and other 
domestic purposes, and, knowing its detrimental qualities, it 
offered a good opportunity to make the experiment with the 
electric purifier. ° 

Mr. H. H. Suplee.-In this connection I think probably Dr. 
Thurston will bear me out in reealling that one of the earliest 
attempts to use galvanic action, not quite in the same manner, 
but very nearly so, was that made by Davy to prevent the cor- 
rosion of the outside of the hulls of vessels. Davy made some 
experiments, and showed that where zine was present a circuit 
was formed, and the corrosion would be transferred to the zine. 
I believe at the Royal Institution, in London, sheets of copper 
with zine attached are still shown. 

Mr. John T. Hawkins.—It seems to me that in the diseussion 
of this question a provision which nature itself has made for 
cleaning boilers is largely lost sight of, and that but for that 
provision there would be much more difficulty in keeping boil- 
ers clean where a deposit of the salts of lime is concerned, and 
I think that most engineers who will refer to their experience 
in this matter will bear me out. We all know that carbonate 
of lime is held in solution in water because of the presence of 
earbonie acid, which is also held in solution, and that the 
amount of carbonate of lime which can be taken up or dissolved 
is somewhere in proportion to the carbonic acid existing in the 
water, and the amount of carbonic acid held in the water will 
be somewhere proportional to the pressure to which the water 
is subjected. What I wanted to point out was this fact, with 
which, I think, engineers will generally agree : that such boilers 
as are periodically allowed to get cold and become relieved of 
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pressure will deposit the carbonate of limo in the form of a 
powder or mud in the bottom, which can then be blown off when 
steam is again raised, and that nature does provide for that very 


feasible and complete way of keeping boilers clear from lime 
If it were not for this facet we would find these lime salts 
invariably deposited as a crystalline scale upon the boilers, 


seale. 


such as we know occurs in boilers under long periods of steam- 
ing; and in no case where boilers are periodically allowed to 
cool down at comparatively short intervals, and thus allow the 
carbonic acid to escape from the water, a deposit of lime salt is 
made in crystalline form upon the heating surfaces. 


The rationale of these processes is probably something as 
follows: With the lime salts in solution in the feed-water, a 


boiler may be steamed under a given pressure without deposit 
of crystalline scale for a period which is limited by the water 
in the boiler becoming saturated with carbonic acid for that 
pressure and temperature, and can dissolve no more of the lime— 
salts ; after which, if steaming is continued, it begins to be 
deposited as crystalline scale upon the surfaces. If, however, 
at or before the point of saturation is reached, the boiler be 
allowed to cool down and become relieved of pressure, the con-. 
tained carbonic acid escapes in the gaseous form, and, the water | 
being unable to hold lime salts in solution, the latter are pre- 
cipitated and settle to the bottom in the form of mud, and may 
be ejected through the bottom blow-off. 

I have wondered if some of the supposedly successful scale-_ 
preventing compounds or processes do not owe their apparent 
success to the fact that the boiler is run under such conditions 
that scale would not form without them, and whether the terms 
“electric,” and other attractive names applied to them, are not 
parading in borrowed plumes. : 

Mr. S. M. Green.—Whether the apparatus which I am using 
is a “‘ humbug” or not, the fact remains that it has worked very 
satisfactorily upon this plant. It seems hardly fair to criticise 
anything of this nature until one has had practical experience £ 
with it. Water from the Connecticut River is used in this plant, 
and it seems that it must be the same from year to year. When 
the zine in the plate disintegrates we immediately find that 
scale begins to form in the boiler. 
are put in the scale disappears. I think, without any question, 
it is a very excellent piece of apparatus for use in our mills. 


As soon as new zine plates 
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Whether or not it will work in all localities, I cannot say. If 
I can buy “humbugs” which will work as well as this one does, 
[ am always ready to invest. 

Mr. Howard Stillman.*—The paper under discussion was 
written last fall after the plant had been in operation a year, 
which period of time seemed proper to afford a reliable deserip- 
tion of its practical operation and effect on the extremely bad 
water in question. On looking over the discussion I had, at 
first thought, found a mare’s nest, but upon further considera- 
tion I had reason to believe there were hornets in it as well. 

At this point I would rise to explain that the object of the 
paper was purely to offer an example of practical operation of 
the water-treating plant for what information it might convey, 
and not to ride a hobby into a peaceful convention. 

[ would most heartily concur with Mr. Cary in his remarks 
as to the importance of the purification or treatment of boiler 
waters when such may be done and local conditions allow a 
profit in the operation. The older countries of the world 
have been doing it for some time, and the “ American leth- 
argy ” will pass away as the principles of the matter are better 
understood. 

Concerning the “Clark” or “ Porter-Clark ” reference, I 
admit partial error in this statement. The reason was that 
when the plant was put up we were not sure of getting clear 
water as an outcome, so we provided as part of the system two 
Porter-Clark filter presses of 2,000 gallons capacity, each, per 
hour for filtering the water after leaving the surface of the second 
settling tank. These filter presses proved, however, unnecessary, 
as there appeared no suspended matter for them to collect, and 
they have not been in use for a long time. For a period of over 
a year the filter cloths have not been renewed. and needed 
cleaning but once. 

As not, therefore, forming a necessary adjunct to the plant, 
no reference was made to these filter presses in my paper, and 
[ only allude to them now in proof of my statement as to clear 
water obtained from the surface of the second settling tank. I 
hope Mr. Cary will inform the “We Fu Go” organization (sounds 
like of Chinese origin, possibly a new “ Tong”) that such is the 
case, and, if they further doubt my statement, that the operation 
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is still in progress at Port Los Angeles, California, where they 
may see for themselves. 


In regard to a variable feed from the chemical tanks, in a 
~ general way the criticism is a natural one, but local conditions 
are overlooked by Mr. Cary, as, of course, he would not know 
of them. The steady delivery of the Dow pump at this water 
station was considered, and the rate of feed as practised is, of 
- course, adapted to it only. As working entirely under pressure 
of over six atmospheres it became necessary to resort to com- 
pressed air to allow the chemicals to flow from the feed-tanks 
as explained. 


tanks, though by far the greater part is carried on with the 
rush of water into the settling tanks. The plant had been in 
operation over a year before it became necessary to clean the 
circulating tanks out, which was done by removing wash plugs 
placed opposite alternate diaphragms. These wash plugs were 
overlooked in making the drawing (Fig. 98). Tanks are now 
washed out with a fire nozzle once in two months. When wash 
plugs are removed, the inside of the tanks fairly bristle with 
soft chalky formation adhering to ‘stay bolts and sides, as well 
as to the top and bottom sides of the diaphragms. 

Mr. Cary refers to the deposit of particles of lime by reason 
of a film of carbonate forming over them, rendering the portion 
underneath inoperative. There is no evidence of such deposit 
of unearbonated lime within the circulating tanks. I was pre- 
pared for such event, in my first experiments, with cream of lime 
in bicarbonate water instead of the prevailing use of lime in 
solution only (lime-water), but demonstrated to my own satis- 
faction in the laboratory that such loss, if any, was very small, 
and did not figure in the cost of the process considering tle 
greater cost of more elaborate means to be employed in making 
use of a solution of lime only. The undissolved particles of 


; lime oxide seem to take up their quota of carbonic acid as 
, 7 iz readily as if in solution and practically, in any event, effect 
i. their purpose. 

; Tf, as intimated by Mr. Cary, “the use of ‘cream of lime’ in- 
_ stead of lime-water is contrary to all other experiments,” the 


method is new, which IT had anticipated, and was one reason for 
submitting my paper. The lime should be well slaked. We 


now use in the lime tank eight-tenths of a pound of dry lime per 
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gallon of water. To insure an easy-flowing mixture, the liquid 
should be not stronger than one pound per gallon of water. 

There has never been any indication of corrosion from the use 
of soda ash, either about the plant or in boilers using the water, 
though care has been taken to avoid excess, not from danger of 
corrosion, but because locomotive boilers will not carry alkaline 
carbonate waters and do very hard work without priming. 

As to the quality of the treated water, it has been stated in 
criticism of the principle of treating boiler waters that the case 
in instance is of doubtful utility, because the purified water still 
contains about one-fourth of the scale-forming solids. The nature 
of this matter as not forming seale in the boilers is referred to 
in the body of my paper, but the criticism is seemingly absurd 
when we consider the matter in light of other economic propo- 
sitions, a fundamental axiom of which is “a half a loaf is better 
than no bread.” In the ease in point we have shown three 
quarters of the loaf, yet the process is quoted as of “doubtful 
utility.” As a general proposition, it is safe to assume that any 
manager of affairs, engineering or domestic, is highly elated over 
any proposition which nets him fifty per cent. improvement over 
existing conditions, and that I would place as the least income in 
saving from use of the water-treating plant at Port Los Angeles. 

It should be borne in mind, though reference has not before 
been made to the fact, that previous to placing the treating plant 
there, our people had prospected the entire region for better 
water, but without suecess. It became, therefore, what is known 
in the West as “fa ground hog case,” to do something with the 
water to improve its quality. 

Referring to the analysis given of the treated water in my 
paper, the chief objection to it, as shown, is the seven or more 
grains of carbonate magnesia. As stated in the text, we afterward 
found that by the use of two pounds of lime per 1.000 gallons, 
this amount was reduced to about three grains per gallon. 

The tendency for waters containing a large amount of magne- 
sium sulphate to hold in solution carbonate magnesia to a certain 
extent (whether treated with “cream of lime,” or lime-water, to 
reduce carbonates) is marked, as I have found in several cases 
when experimenting with other waters, and the complete precipi- 
tation of magnesia is difficult. The salts of caleium are much 
more easily reduced and eliminated. 

_ From evidence in the discussion it seems to be the opinion of 


| 


A WATER-PURIFYING PLANT. > r 


some engineers that all that is necessary with the use of bad 
scaling water in boilers is to reduce the scale, or prevent its 
forming within them, without regard to the disposition of the 
sludge that is bound to form in place of the scale. 

As stated by Mr. Randolph, there is no excuse for scale in 
boiler waters, though why it is not better to settle out this sludge 
in a suitable place, away from the boiler, is not to me apparent. 
Very little to be blown or washed out is much better than a good 
deal to be blown or washed out, whether sludge in a steam boiler 
or dirt on a shop floor. 

We must admit that the matter, however, is largely one of cir- 
cumstance and loeal conditions, whether a boiler compound (pro- 
portioned to suit the water) is (in stationary practice) of value 
or not. Sometimes they are undoubtedly of more economic value 
than an elaborate purifying plant. On locomotive boilers I do 
not think boiler compounds are ever preferable or cheaper than 
a purifying plant. Generally they are of no practical value in 
locomotive service for reasons referred to in the text of my paper. 

There is a great field for profitable work in the purification of 
boiler waters, and further hope for the operation, when the “ cure- 
all” man has found other fields to labor in, when the quality of 
a boiler water is considered and understood; again, when the 
matter has come to be fully considered in the light of a proposi- 
tion which rests on business principles and involves economies as 
well as the other difficulties which are met with in our engineer- 
ing profession. 
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DCCLXIX.* 


THE STEVENS VALVE GEAR FOR MARINE ENGINES. 


BY ANDREW FLETCHER, HOBOKEN, N. J. 
(Member of the Society.) 


Ir has been urged upon me that the Transactions of the 
American Society of Mechanical Engineers should contain some 
record of the origin and introduction of the form of valve gear 
for beam engines which has grown to be so general in the side- 
wheel practice of the marine engine-builders of the eastern 
section of the United States, and of which the firm with which 
IT am connected has been for so many years an advocate. 

I have thought that this could best be done by getting from 
Mr. Francis B. Stevens a communication to me in which this 
history should be included, and which I might illustrate by 
drawings from more recent practice. Accordingly, two letters 
are appended herewith, and the drawings are self-explanatory. 

[I may be permitted to add that Mr. Stevens is eighty-seven 
years of age, and is still an enthusiast upon steamers of all 
kinds. My own connection with his form of valve gear began 
forty-four years ago, with my first connection with the old firm 
of Fletcher, Harrison & Co. during twenty-seven years; W. & 
A. Fletcher for three years; and the W. & A. Fletcher Co. 
for the past fourteen years. 


N. J., April 2, 1897. 


In answer to your request, I send this letter in relation to the Stevens cut-off. 
Previous to its introduction in the year 1840, the form of valve and valve gear 


My Dear Mr. FLETCHER: 


in almost universal use on the steamboats navigating the rivers and bays of the 
Atlantic coast was by poppet valves, operated by a single eccentric and a single 
rock shaft, the admission and exhaust of steam being coincident. Expansion 
was effected by a butterfly valve on the steam pipe worked by cams on the shaft, 


* Presented at the New York meeting (December, 1897) of the American 
Society of Mechanical Engineers, and forming part of Volume XIX. of the 
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which was called the camboard cut-off. On the Mississippi, at the date men- 
tioned, the engines were the same as at present in use, having poppet valves 
worked by cams on the main shaft. 

In the latter part of the year 1839 I invented the Stevens cut-off, and early in 
the year 1840 I had the machinery for its application on the engine of the steam- 
boat .l/bany made. This vessel was owned by my father, and the machinery 
was made by H. R. Dunham & Co., North Moore Street, New York, where you 
served your apprenticeship. As the work was not finished until after the open- 


‘=. 


From F. B. Stevens’ Patent Papers. © 


ing of navigation on the Hudson, I was unable to attach it to the engine until 
the following August, when the Albany was laid up for repairs at Cold Spring, 
opposite West Point. And in the interval I had similar machinery of smaller 


Fletcher 


Fie, 113. 


size made by the firm mentioned, and put in operation on the engine of the 
steamboat Columbus, owned by my uncle, Robert L., Stevens. The engine of the 
Albany had a cylinder 65 inches in diameter and 9 feet stroke. That of the 
Columbus was 40 inches diameter by 12 feet stroke, The cut-off as first applied 
was essentially the same as at present. On the Albany the length of the toes 
was 26 inches and the lift of the valves was 5} inches. 

On submitting to my uncle, Robert L. Stevens, my model of the cut-off, made 
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ona scale of 14 inches to the foot, he proposed an improvement, by substituting 
a cog wheel for the arm of the rock shaft, by which a greater angular motion of 
the rock shaft, and consequently a shorter cut-off, could be obtained. We then 
agreed to take out a patent in our joint names, with the understanding that I was 
to have complete ownership of the patent. And in April, 1840, | made the 
drawing that accompanied the patent, a copy of which, on a reduced scale, | 
annex. The patent was granted on the 25th of January following, the claims 
being as follows : 

1. “The combination of an additional and separate eccentric wheel to work a 
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rock shaft to raise the steam valves in combination with any of the several 
methods hitherto used for working the exhaust valves. 

2. “The manner in which the toes are affixed to the rock shaft so that the 
shaft is made to vibrate during a certain interval, without either toe communi- 
cating motion to cither valve. 

3. ‘The connection of the cog wheel and rack, in the manner set forth, for 
the more completely effecting our object.” This connection was never used, 
being found unnecessary. 

The patent was renewed in 1855 and expired in 1862. Its validity was never 
attacked, and none of its claims was infringed during the twenty-one years of its 
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existence, Since it expired, separate eccentrics for the steam and exhaust valves_ 
have been frequently applied in combination with the Sickles, the Allen, and 
other cut-offs. 

In the course of the year 1840 I applied the cut-off to the engines of eight 
steamboats, namely, the A/bany, Columbus, Rochester, De Witt Clinton, Independ- 
ence, Swan, and two steamboats on the Delaware ; and shortly afterwards [ sold 
a half-interest in the patent to my father, James A. Stevens. 

In the year 1842 the Stevens cut-off was applied to the engine of the United 
States steamer Fulton the Second, and afterwards to the greater portion of the 
paddle-wheel vessels of war of the United States Navy. 

In 1845 it was applied to the steam frigate Mississipp/. The contract for it, 
made by my father and myself with the Navy Department, required that the cut- 
off should be made adjustable while the engines were in motion. To effect this, 
devices made at the works of H. R. Dunham & Co. were applied to quickly 
change the angle of the toes, the position of the arm pin, and the lead of the 
eccentrics, This vessel was the flagship of Commodore Perry’s squadron on 
the famous expedition to Japan in 1853-54. And Mr. Daniel B. Martin, after- 
wards Engineer-in-Chief of the United States Navy, reported that this adjustable 
cut-off worked perfectly during the whole cruise, lasting about two years, The 
cut-off has been made adjustable on river steamers by this and other plans ; but 
the advantage gained has not been considered equivalent to the increased com- 
plication of the machinery. Previous to and during the Civil War, the cut-off 
Was on mhany large ocean steamers. 

The advantages gained by the Stevens cut-off over the camboard cut-off were : 
Firstly, the saving of a portion of the steam in the space between the buttertly 
valve and the main valves ; secondly, the use of two eccentrics allowed the lead 
of the exhaust valve to be greatly advanced, by which a quicker exhaust was 
obtained, and also the reversal of the strain on the piston at the end of the stroke 
was more gradual and with less jar on the bearings. 

The Stevens patent, whether under the combined first and second claims or 
under the first claim alone, can be said to have been in universal and exclusive 
use on all beam-engine paddle-wheel steamboats in the United States since the 
expiration of the patent thirty-five years ago. 

Of late years the substitution of the screw, with its quick-moving engine and 
slide-valve, has superseded the paddle and poppet valve on the ocean ; and also in 
great part on the rivers of the Atlantic coast, and on the great lakes. 

I add the following account of the early use of the expansion of steam and of 
the valves used on the Atlantic seaboard. 

Watt, the creator of the steam engine for uses other than pumping, was the 
first to conceive the idea of utilizing the expansive action of steam in the cylinder 
when cut off from the boiler, and proposed it in a letter to Dr. Small in 1769 
(see Farey’s Treatise on the Steam Engine, London, 1827, page 339). He was also 
the first to put the idea in operation, which he did at the Shadwell Water Works 
in 1778 (Farey, page 341). Ile patented the application of this principle in his 
third patent, dated March 12, 1782, and in the specification and drawing clearly 
and beautifully illustrated by a diagram the principle of expansion (see Farey, 
page 347). He thereafter applied this principle to all of the single-acting pump- 
ing engines that he made, cutting off the steam by the main steam valve, and at 
from one-half to two-thirds of the stroke of the piston on the downward stroke, 
the pressure on each side of the piston being in equilibrium on the upward stroke 
(Farey, page 352). 
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But although Watt invented and patented the double-acting rotative steam 
engine in his second patent, dated 25th of October, 1781, and although he made 
many of these engines, of many different sizes 


;, and was in fact the only maker 


Fre, 104.—ENGINE FRONT, STEAMER “ New York,” Iupson RIvER Day LINE 


of them in the world during the long period that elapsed between their introduce 
tion and the expiration of his extended patent in the year 1800, he never used 
steam expansiwely on a rotative engine (see Farey, note a, at the foot of page 48 

The engine that Fulton bought from Watt in 1805-6, and which he placed on the 
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Clermont in 1807, was operated by Watt's hand gear, as shown on Plate XIIL, of 
Farey's Treatise. 

It was very ingenious, but complicated, made almost entirely of steel tempered 
blue, and was operated by tappets and detents. No modification of Watt's 
hand gear, to enable it to cut off the steam on a rotative engine, was ever made by 
him or by others. Tbe engines of all the numerous vessels that Fulton built 
were copies of the one he bought from Watt. 

When about eleven years of age I frequently saw the steamboats Fire #/y and 
Lady Richmoneé, built by Fulton. Their speed was about four and a half miles 
an hour. LT also frequently saw Watt’s hand gear in operation ; and remember on 
one oceasion seeing the detents fail and the engine instantly stopped. No lead 
could be given by the hand gear; and the cranks were carried past the centres by 
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a flywheel. All of Fulton’s steamboats had flywheels geared two to one, thus 
increasing the force of momentum fourfold. 

In the year 1814 Robert L. Stevens built the steamboat Philadelphia on the 
Delaware, the engine having Watt’s hand gear. And in the year 1817 he in- 
vented the camboard cut-off, previousiy mentioned, and attached it to this engine 
as a separate cut-off. This was made by a butterfly valve placed on the steam 
pipe at its junction with the steam chest, and operated by two cams on the main 
shaft, pressing against the camboard and connected to the butterfly valve, and to 
a strong spring on its arm bya rod about half an inch diameter. The length 
of the cut-off corresponded to that of the cams, and the motion was exceedingly 
rapid. He at the same time increased the pressure from 24 to 10 pounds per 
square inch. This cut-off was very successful and remained in use on all low- 
pressure steamboats in this country long afterthe hand gear of Watt had been 
superseded by the eccentric of Murdock, and up to the introduction of the 


Stevens cut-off in 1840. Yours truly, 
Mr. ANDREW FLETCHER. Francis B. STEVENS. 
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IoBoOKEN, N. J., April 2, 1897. 
My Dear MR. FLETCHER : 

I also send the fo'lowing account of the eccentric, deriving its motion from the 
shaft which superseded the plug tree, tappets, and detents of Watt, and was 
applicable alike to poppet and slide valves ; and also add an account of the slide 
valve. 

These were both patented by William Murdock, the foreman and partner of 
Watt, in 1799. The D sl deis shown on Plate XVI. of Farey ; and in another 
form, now generally used, by Fenton, Murray & Co., on Plate XVIIT. 

A notable circumstance in regard to the slide valve is that up to the year 
1838, although it was then in universal use on the locomotives and marine 


This cut-off was made for a propeller 
engine) making 80 revolutions per 
minute. 


High-speed wipers are shaped slightly 
different from ordinary-speed wipers. 


Fletcher 
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engines of England, and also on the locomotives of this country, it had only suffi- 
cient lap, or cover, as it was then called, to prevent the steam from blowing 
through the cylinder. The Chevalier De Pambour, in his famous treatise on 
the English locomotive in 1836, gives a drawing of the valves then in use on 
them, showing little or no lap ; and although he writes very fully on the lead, 
he makes no mention whatever in his treatise of the lap or of its effect. 

In the year 1838 the eighteen locomotives of the Camden & Amboy R.R. had 
one-sixteenth of an inch lap. In the same year the steamer Great Western made 


her first passage, Her engines had the D slide, with little or no lap, and earry- 
ing two and a half pounds pressure per square inch, She had a separate cut-off 
valve somewhat like the camboard, but it was never used, the low pressure of 
steam rendering it almost useless. 


I have not met with an account in any publication, up to the year 18388, 
describing increased lap either in text or drawings. 
The link motion was applied to the slide valve about that date. And in con- 


| 


4 


NE ENGINES. 


THE STEVENS VALVE GEAR FOR MARI 


SL OYONS ‘soyouy Jo 


‘OULIUA SU[SUAPUOd 


\ANITT NAALY NOsaayy) ,. 


ANV@TY ., 


A 


ol pprd 


| 
| pt \ 


Z. 
4 
= 
a2 
& 
~ 


VK 


THE STEVENS VAI 


| — | 
| | \|| 
3 | i | 
| 
iif 
_q 
| 


THE STEVENS VALVE GEAR FOR MARINE ENGINES. 


junction with it, in the course of few years, the lap was gradually increased to 
its present extent, both liberating the exhaust in advance of the admission of — 


steam and forming the efficient expansion gear in use on locomotives and screw 


steamers. 
Yours truly, 
FRANCIS B. STEVENS. 


Mr. FLETCHER, 


Our practice with the Stevens cut-off has included its instal- 
lation on over two hundred steamers, new and old and large 
and small. We ascertain the amount of work required of the 
engine, and the necessary steam pressure, and then set the cut- 
off to suit. With the fixed cut-off, the owner need only notify 
his engineer of the steam pressure to carry with throttle 
valve wide open. This plan gives a steadier and more regular 
running of the boat upon its time table than will be secured 
from an adjustable cut-off, unless in competent hands. . 


Not long since the writer was upon a steamer in New York 
harbor, for which we had made a new cylinder and engine front 
in 1855, and had then applied the Stevens gear. It remains in 
good working order, and has given no trouble. With very fast-— 
running engines, the wipers are made slightly different in shape, 
and we put springs on the lifting rods to force the toes to 
follow down the wipers. We have never had any trouble to’ 
make the cut-off work satisfactorily. 

I do not wish to be understood as opposing adjustable cut-— he, 
off gear. We have made and fitted a large number of engines vay 
with Sickels dash-pot cut-off with adjustable gear with most 
excellent results. But there are often advantages in having so- 
simple an arrangement as the Stevens 
speed, increase pressure ; 
regulate throttle valve. 


DISCUSSION. 


Mr. Geo. I, Rockwood.—Perhaps it would be almost impértinent _ 
in me to discuss this paper from a technical standpoint, and, i ~~ 
deed, I do not care to discuss it exactly, but it suggests something — 


to my mind which, perhaps, I might be allowed to present in con- 


knows, a favorite form of valve on such engines. 
valve has been given a bad name in America by most stationary 
engineers, largely for reasons disconnected with technical con- 
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siderations, but one important technical reason is that it does 
not give a sharp cut-off. The poppet valve must be lowered to 
its seat carefully, otherwise it will “bring up” with a bang. In 
one form of valve gear that I have had to do with, there is no 
dash-pot provided for the cut-off valve, but it is lowered to its 
seat by acam; hence the cut-off is very gradual, and in the case 
of the low-pressure cylinder of a compound engine having this 
valve gear, the cut-off cannot be discerned on the diagram at all. 
So I devised a modification of the valve, which may be old, but 
is not, so far as I know, designed to give a sharp cut-off. It is 
not generally known that the poppet valve may give as sharp a 
cut-off as the Corliss valve. What I did was to unite the piston 
valve with the poppet valve, providing a cup at the seats about 
an eighth of an inch deep, into which the poppet valve might fall, 
but finally stopping on its seat. If there is not virtue in the fit 
of the pistons, then we can rely on the virtue that is in the fit 
of the faces of the poppet valve. It works nicely without a dash- 
pot, as fast as 125 turns a minute. 

Mr. L. R. Pomeroy.—At one time the boats of the Union Ferry 
Co., equipped with beam engines, had a detachable connection 
between the cams of the exhaust and the steam lifters, which 
would hold the steam valve open longer, or making the engine 
follow, practically, full stroke. This, we understood, was for 
emergency purposes only, such as working in heavy ice, ete. 
Noticing that recent engines of this type were not so equipped, 
raised the query in my mind as to the supposed value and reasons 
for doing away with such attachments. 

Mr. Fletcher—We have not put gags or trippers on our engines 
for many years. When we are allowed to, we always arrange to 
have a surplus of power over that needed in ordinary work. If 
the gags are not regulated properly, due to the difference in the 
leads and lifts of the steam and exhaust valves, a great deal of 
trouble could be produced very easily, valves would not seat 
properly, and the gags would be a detriment rather than a benefit. 
They require intelligent regulation. Mr. Stevens has always been 
opposed to them. 

Mr. John C. Kafer.—I think that this paper is well worthy of 
record in the proceedings of this Society, as it gives a history of 
the cut-off mechanism of the beam engine, a type of engine which 
is particularly American. The lost motion in this cut-off gear 
corresponds to the lap on a slide valve. In reference to what the 


7 
> 
2 
‘ 
? 
. ‘= 
| 
@ 
‘ 
4 . 
J > 


RANSACTIONS AMERICAN N EERS 
IETY Marc HANICAL ENGINEERS, Vou. | ANDREW FLETCHER, 


— | 


| 
Tile 


f) 


| 
| Unhoeking Handle 


Shipper Rod 


4 6 


Fie, 110.—Stevens Cur-orr APPLIED TO VerticAL Beam ENGINe,. 


Diameter of Cylinder, 73 Inches. Stroke, 12 Feet. 


| j | | 
\ 
1 A & | 


‘Y OF MECHANICAL ENGINEERS Vou. AIX. 


VERTICAL BEAM ENGINE 


DIAMETER OF CYLINDER 62 INCHES. 


LENGTH OF STROKE 12 FEET. » 


“MARY POWELL.” 


NEW YORK 


1861. 


HUDSON RIVER SERVICE. 


ANDREW FLRTCHER, 


. 
=. = 
= 
- 
: 
= 
= 
2 
: 


THE STEVENS VALVE GEAR FOR MARINE ENGINES. 


speaker has just said about sharp cut-ofls, we who deal with 
marine engines do not place much dependence on making a sharp 
cut-off. Ido not see any advantage in it. There is no difficulty © 
in lowering a valve slowly to its seat. We can lower it quite as_ 
easily without a dash-pot as with it. Referring to the dash-pot, 
which (he last speaker mentions, McKay & Aldus built a little vessel — 
with a dash-pot somewhat similar. Sometimes it dropped in the — 
water and sometimes it did not. It was a single eccentric oper- 
ating both exhaust valves and steam valves, so that the valve 
would have to drop from its highest point and would not follow 
farther than half stroke or full stroke. If the cut-off were thrown 
out altogether, it would have to follow full stroke. The record we — 
have placed here is something I have never seen before. I have— 
always wanted to know something about the early history of the 
Stevens cut-off, and I am very much pleased to know that Mr. 
Fletcher has placed it on record in this paper. I think that no 
criticism can be made on the Stevens cut-off, because its practical 


application for the Jast sixty years or more has demonstrated it 
fully, and I think that the newer plans Mr. Fletcher has shown — 
are simply a modification of the old ones. As to the gags of the 


cut-olfs that we used to have on low-pressure engines, it is neces-— 
sury there sometimes to work up to a larger power, but they are’ 
not so much used how, because the boilers are too small. The 
steam in the boilers wouldn’t last more than about two strokes. 
Now we can work off all the steam without the gags on the cut-offs. 

Mr. Win. Kent.—I would like to ask Mr. Kafer if he ean use 
that cut-off at the speeds spoken of by Mr, Rockwood, up to 125_ 
minute, say. 


Mr. Kafer.—1 have known it to reach as high as 120, but it 
is not practicable; you must have a spring on top of the valve. 
The steamers. //udson and Knickerbocker had a cut-off with a 
poppet valve and a detaching apparatus. The detaching appa- 
ratus will not work quite as quickly as the Stevens cut-off. You 
can run a greater number of revolutions with the Stevens than 
with the detaching apparatus. There are other reasons why some 
other device is a little better to accomplish the purpose. Pm 

Mr. Fletcher —I am sorry that Mr. Stevens is not here this | 
morning, because he is a good talker and very interesting, and 
he could tell you about many experiments which he tried with both | 
short and long cut-offs under various pressures of steam. The 
experience we have had with the Stevens cut-off has been very | 
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satisfactory, and we have never found any trouble with it. When 
we know what work the boat is required to do, we set the cut-off, 
and set it for the given pressure of steam that they wish to carry; 
then there is no trouble whatever in doing the work and doing it 
well. It is very simple and substantial and lasting. I can talk of 
Stevens cut-offs being in use for over forty years—and that they are 
good yet, showing it is really a good valve motion. We have had 
some experience where we have tested between adjustable eut- 
offs and fixed cut-offs, and although IT have no fault to find with 
adjustable cut-offs, for I like the Sickles cut-off, yet I have seen 
better performance with the Stevens cut-off set about half stroke, 
or less or over, depending on what was needed for the power, 
than when we had the adjustable cut-off. The reason was, I 
think, that the engineer did not handle the latter right. I have 
had to do with hundreds of engineers, and some of them are very 
careless how they handle the cut-offs, so that instead of working 
more economically with the adjustable cut-off, it has been the 
other way in many cases. I could mention cases where, taking 
the adjustable cut-off out and putting in a fixed cut-off, better 
results have been obtained with it. 

Mr. Geo. N. Comly.—I would like to ask how high steam pres- 
sures are used in connection with the cut-off. 

Mr. Fletcher.—With the ordinary low-pressure boats it is gen- 
erally around fifty pounds for maximum, and for ordinary work or 
schedule time about thirty-five pounds of steam, but if it is applied 
to a compound engine, which we have done very easily, we carry 
as high pressure as we like. The very first compound beam engine 
that we built had the Stevens eut-off on both the high and the 
low pressure cylinders, and it works to perfection as far as we 
know, and gives good satisfaction. I might as well state that the 
boat we put.the engine in is the City of Fa// River, a freight 
boat running between Fall River and New York. The steamboat 
company were well pleased with her, and soon after they decided 
to build a second boat, and gave us the order for the engine. They 
wanted the same size of engine and same kind of boilers, and 
everything we thought would be the same. But soon after we 
had contracted, Mr. Sickfes called to see us. He at that time had 
no business in hand and was well acquainted with some of the 
Fall River Steamboat people, especially with one of the largest 
stockholders, and he was very anxious to have the Sickles cut-off 
put in the new boat, the City of Brockton. We made no objec- 
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tion, because we liked it, and we thought it would be a fine place 

to try an adjustable dash-pot cut-off on a compound engine. 
Mr. Sickles told this gentleman, the large owner, that if he put. 
his cut-off on the Brockton, being the same sized engine as the 
City of Fall River, that she would do the same work cn 
twenty per cent. less fuel. Mr. Sickles wanted to carry twenty 
pounds more pressure than the Fall River, and alter the eut-off — 
to suit. We got the order for the Sickles cut-off, and Sickles — 
furnished us the drawings for all the details of the cut-off, and 
paid a great deal of attention to its manufacture. He was on hand 

a great part of the time when we were erecting the engine in the | 
boat ; was there the first time we got steam at the dock, and then 

on the trial trip, and also on the first trip from Fall River to 
New York, and was quite pleased, but he was called out of town. 
soon after. After the boat had run for about a week or so, I had : 
a talk with the chief engineer, and told him that we had been — 
paying particular attention to the quantity of fuel she was burn- _ 
ing. She was running well and making about twenty minutes’ — 
quicker runs than the Fall River, but she was burning a great — 
deal more coal; and I told him what Mr. Sickles said: that he — 
was going to save twenty per cent. on fuel. I said, * We will 
have to get you to come down on the fuel, because we have got 
to please the company.” THe said there had been no fault found | 
with him, At the same time I said, “It is all very well for you to 
run a week or so fast and get a good name for the boat”; but_ 
advised him to reduce his cut-off and study fuel economy, and <i ; 
said he would. But he did not come down for a long time. We _ 


ae 


talked to him a great many times about his burning more coal 
all the time, when he should be burning less, there being a 
great deal in the theory of short cut-offs and high steam. I 
am telling all this because I wanted to say that they did not 
handle the adjustable cut-off right. He had run for three months’ 
time, when I sent my son Andrew to make a trip on the boat, and 
he took indicator cards and figured the horse-power developed, 
and proved to the engineer that he was using more power than 
was needed to make his time, and that he was burning about 
twenty per cent. more fuel than he should, and that we would 
have to correct that. My son set the cut-off adjusters on the 
boat so that she developed the same horse-power as the Fall 
?iver and she then came down to the same fuel, and ran a few 
minutes faster even then—four or five minutes faster than the other 
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boat—but that, we considered, was due to a little change in the 
model of the boat. I could tell of other steamers the same way, 


in which we changed from the adjustable cut-off to the Stevens cut- 


off and had better results. At the same time I am a great believer 
in an adjustable cut-off. I believe in many cases it is necessary ; 
I could tell of places where we have used it. When we built the 
big Prisci//v’s engines we put the Sickles cut-off on the high- 
pressure cylinders, and the Stevens eut-off on the low-pressure 
cylinders. They could and can gauge her nicely to a fraction by 
just regulating the quantity of steam for the high-pressure cylin- 
ders. If they want twenty-one turns or twenty-two turns or 
twenty-three turns per minute, they have only to regulate the cut- 
off on the high-pressure cylinders. We were particular to get that 
right. I might tell also how they ran steamboats on the necessary 
time by changing the cut-off. Onthe Hudson River the steamboat 
Armenia was a good, fast boat. She had a Stevens cut-off, and 
after some years the owner had an adjustable attachment put on 
her valve gear, so that she could cut off a little short of half stroke 
or up to about three-quarters of the stroke. She was afterwards 
bought by Mr. Alfred Van Santvoord, who is the present owner of 
the Hudson River Day Line, and he put her on the route to Pough- 
keepsie, and thought that she would do her work. She made very 
irregular time and he was not pleased with her, and it was neces- 
sary to drop two of her landings, Cornwall and Milton. She did 
not make her time even then, and he was displeased. He told 


me that he wanted me to make a trip on that boat to Poughkeep-— 
sie and back again, and to notice just how they ran her, but not— 


te say a word to the engineer or to the fireman or captain, or 
te any one, why I was on the boat. He said he did not like the 
a‘justable arrangement for fear that the engineer was fussing too 
much with it. I made the trip, and that was just what I found. 
The engineer kept steam up to about forty pounds, and he would 
watch his gauge a good deal. If steam was going down he would 
eut her off short; if going up he would follow farther, but he would 
sey nothing to the fireman. I said not a word to him; but when 
we returned I told Mr. Van Santvoord how she ran and what time 
she made, and all about it, and he told me to take out all the 
traps and throw them overboard, and set the Stevens cut-off at 
a point that I thought would do the work right; and so I altered 
her at once, and set the cut-off at the point that I thought would 
be right. Mr. Van Santvoord then told the engineer to carry thirty- 
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seven instead of forty pounds, and that was the only order he gave — 
to the engineer, The next morning he asked me to go up with 
her again and see how she would go. I did so; and she made a 
good run, first-rate, kept the steam up, and had no trouble. Then — 
Mr. Van Santvoord was pleased with her. After making the 
second or third trip, he told the captain to take up the two land-— 
ings again, Cornwall and Milton, and she then made all the regular | 
landings, and made regular and better time and burned less fuel. 
It was just because they attended to business. All the orders the 
engineer gave to the fireman in the morning was, “‘ The boss has _ 
told us to carry thirty-seven pounds of steam ; now, you attend to’ 
your business and do that, and for me to run with a wide throt- 

tle.” For the ordinary side-wheel steamboats the Stevens cut-off 
has been the best thing we have ever put on. In many eases the 
engines are sometimes a little scant in power, and then they can- 
not turn good, steady wheels without cutting off in the neighbor- 
hood of half stroke. I could tell you some things that the Mary 

Powell aud other boats did, but I think I had better not take = 
any more of your time. 

Mr. James G. Winship.—I would like to add, in connection with 
Mr. Fletcher’s remarks, some experience of my own in regard to 
cut-offs, and to relate a story: It was my fortune to be the 
engineer of a steamer with a beam engine with a Sickles cut-off. 
The engine was built in New York, and put in a boat on Lake 
Erie, called the City of Bujialc. The engine was fitted with 
Stevens cut-off. It was taken out of that boat and brought to 
New York and put in an ocean-going steamer, called the Morro 
Castle, and a Sickles cut-off was substituted for the Stevens cut- 
off. The same engine is now in the steamboat Grand Republic, 
running in this harbor, and is now fitted with Stevens cut-off. 
The boilers on the Morro Castle were small, and the engine had 
a jet condenser. We fed salt water in the boilers, which neces- 
sitated a constant feed and blow-off, so that when we would clean 
fires we had to cut off very short to maintain a steady pressure 
of steam. The captain came in the engine room once and said 
he wanted to know how it was that we could always have twenty- 
five pounds of steam, when the ship would sometimes go like the 
devil, and at other times she would just crawl, and all the time 
you have twenty-five pounds of steam. I started to explain to 
him that it was on account of the adjustable cut-off, when he 
said, “Damn the cut-off,” and left me. 
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Talking about poppet valves, a great deal of loss is due to the 
_ difference in expansion between the chest and valves. In that 
old engine we never could tell about the condition of the valves, 
unless we took the hand-hole plate off the steam chests, and 
tested the vaives while the chest was hot. The valves and seats 
were then made of brass—I believe Mr. Fletcher now makes both 
seats and valves of cast-iron. ‘Then, another thing, both with the 
Sickles cut-off and with the Stevens it is easy to lose steam. 
If you have a Sickles cut-off and want to have the valve seat 
without noise, ten to one the valve does not seat, but fetches up 
on the water in the dash-pots, and with the Stevens cut-off the 
valve may be held off the seat by the toes. I was taught when a 
boy to see that the valve stem was loose in the lifter when the 
valve was seated. 

The old Stevens cut-off is a good thing. When we used to go 
down the bay, a friend of mine on another ship would go down 
- with us, but he could beat us. I asked, “ Donegan, how far can 
you follow?” He said, “ Eleven feet.” His engine was eleven 
feet stroke. “How far do you generally follow?” “Oh, about 
three feet,” he would say. He had gags fitted to his cut-off __ 
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DCCLXX.* 
ELECTRICITY IN COTTON MILLS. 


BY W. B. SMITH-WHALEY, COLUMBIA, 8. C, 


(Member of the Society.) 


ELECTRICITY as a means of transmitting power has been con- 
siderably dealt with in several very able papers before this 
Society ; and it is not my purpose to take up valuable time in 
covering again ground which has been only too well and ably — 
investigated, desiring to give only the results of my experience 
with electricity as a means of transmitting power in a cotton — 
mill. Its many useful dispositions have been described fully, © 
but in every case we lack direct comparison from actual practice, 
which would picture it to us in its true commercial light. It is 


tions as two manufacturing institutions can—the one operated 
by rope transmission with heavy head shafts, sheaves, etc., and 
the other by means of motors distributed throughout the build- _ 
7 ing. In one the actual operation of the steam engine is consid- 
: ered ; in the other the current is supplied to the motors from 
: the secondary switchboard or receiving station. 
Many have considered electric transmission in the light of a_ 
source of power, and we often hear comparisons on it with regard 
to power costs which are very misleading. Some have been im-— 
} prudent enough to assert its economy for power purposes in 
connection with uneconomical water-power plants, as the means 
of making such developments commercially available ; and sev- 
eral large plants for cotton mills have been developed on this 
line with such blindness as to their true commercial value from 
an economical standpoint that room is left for well-founded 
scepticism of their true value when compared with the many 
other more economical installations which might have been 
effected. Electricity’s true position, for power purposes, is that 


* Presented at the New York meeting (December, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the 7ransactions.— 


the purpose of this paper to attempt to describe from the actual q 
operation of two plants working under as nearly identical condi- } 
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COTTON 


of a transmitter; and whatever the source of power, the point to 
be considered is its efficiency in connection with that source for 
transmitting purposes. Ilaving settled that, our investigation 
then leads to its comparison with other well-known methods of 
transmission. 


For the purposes of this paper we will take up the investiga- 
tion, by tabulated data, from the actual every-day operation of 
the plants. The period during which the conditions as regards 
the working load were approximately the same was between the 
Ist of April and the 25th of June, 1597, and we shall designate 
the two plants as No. Land No.2. No. 1 is a steam-driven mill, 
having a steam plant geared up with ropes, heavy head gear- 
ing, and large tapering shafts as such plants are usually geared 
up in the best practice of to-day. The steam engine is an 800 
horse-power Corliss cross compound, built in 1895, with eylin- 
ders 20 and 40 by 60 inches stroke, and a rope wheel 24 feet 
pitch diameter, grooved for 26 1}-inch ropes, weighing °5 tons. 
This engine is being operated at an exceptionally low cost per 
horse-power for steam. There were in the mill during the period 
for which comparison of power is made 11,776 spindles and 720 
looms; all the spindles and preparatory machinery were run 
full, but the looms did not average more than 682 per day. 
No. 2 is an electric-driven mill which rents its current from a 
central station and distributes it through a continuous-reading 

wattmeter to four 150 horse-power inverted motors bolted to the 
ceiling in convenient locations for economical distribution of 
the power, and belted to the shafting. The mill has been in 
operation since the Ist of January, 1897. This mill had in oper- 
ation during the period named above, on an average, 12,448 
spindles, with preparatory machinery, and an average of 356 
looms out of 500 in the mill. The weight of the shafting in the 
steam mill is approximately 136,000 pounds, and in the electric 
mill 122,000 pounds. 


POWER IN EACH MILL. 


From the diagram (Fig. 114) showing the power curves in the 
two mills during the period alluded to, we find that the average 
in the steam mill is 535.71 horse-power for all purposes (this mill 
is only partly filled with machinery, and is using not quite two- 
thirds of its fuli power). From indicator eards taken, we find 
that the power required to drive the shafting and belting on 


| 


| | | 
| 


Viw 


ECTRICITY 


GO'STE, 


EL 


Ty 
| 
< H 
HEE 
tH 
a 
| 
H- 4, 
Cee 
ail | 
— 


470 ELECTRICITY IN COTTON MILLS. 


loose pulleys only is 228 horse-power ; for the 720 looms and 
shafting, only 34!) horse-power; and for the whole mill, 595 
horse-power. Deducting the friction horse-power from the 

power required to drive the looms and shafting and dividing ‘ 
this result by the number of looms, we obtain the power re- 
quired to drive one loom, which is 0.168 horse-power. 

Deducting the power required to drive the looms and shafting 
from the total power gives us 246 horse-power, which is the power 
required to drive the spindle and preparatory machinery. This 
amount divided into the number of spindles gives us 60 spindles 
per horse-power, including the necessary preparatory machinery 
for this number of spindles. 

At the time the data given aboye were obtained, there were in 
operation in the mill 14,848 spindles, with the necessary pre- 
paratory machinery, and 720 looms. 

In the electric mill, owing to the lack of suitable instruments 
for testing the separate motors, we were unable to find the 
amount of power expended in friction, and consequently, having 
only the average power consumed, we can compare the mills by 
using the data obtained from the steam mill to bring the elee- 
tric mill to the same basis. From the power chart we observe 
that on an average 418.2 horse-power per day were used in the 
electric-driven mill during the period above ailuded to, namely, 
from the Ist of April to the 25th of June. During that period 
there were in operation on an average 12,448 spindles per diem 
and 357 looms, as against the steam mill operating 11,776 
spindles and 682 looms. 

From the data obtained from the steam-driven mill we have 
the following distribution of power during the test—for the 
steam-driven mill : 

- Total power. Looms and shafting. Friction. H.-P. spds, Looms, 


535 340 226 196 114 


and for the electric-driven mill: 


Total power. Looms and shafting. Friction. H.-P. spds, Looms, 


418 206 149 208 


Hence the difference between 226 horse-power and 149 horse- 
power, which is 77 horse-power, must be credited to the elec- 
tric mill in its present condition. 
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The following points from the foregoing can be stated as ex-_ 
isting under the present conditions: The steam mill is operat- 
ing under a disadvantage of an underloaded engine ; the elec- 
tric mill is operating under the disadvantage of driving more 
shafting per motor than it will when the full complement of | 
machinery is installed. 

The steam mill requires more supplies in the shape of oil, a 
sizing for ropes, and other necessary incidentals due to the 
method of transmitting the power. The electric mill has cost — 


nothing for its motors in six months of operation, not even the 
necessity of putting oil in the bearings, which was simply re- 
newed once in that time as a precaution. The convenience of 
operating any section of the mill ad libitum, without reference 
to the other sections, is an advantage which is felt in dollars 
and cents in plants using the electric transmission. 


~ 


The question which arises as to whether a generator directly 


connected to an economical type of engine to produce the power 
would consume the difference in the frictional horse-power, is 
one which can only be answered from data from institutions 
having such plants. It is the author’s opinion that this differ- 
ence of power would not be exceeded, and he hopes subse- 
quently to give more specific data from further experiment from 
the actual operation of these two plants under better conditions, — 
viz, When both mills are completely filled with machinery and 
motors and engine run at their full load ; also in obtaining the | 
efficiency of direct connected engines and generators. . 

It must be borne in mind that, unlike a machine shop and 
other manufacturing establishments, where a large amount of 
shafting is required to cover the ground and where intermittent 
power is used, a cotton mill drives in useful effect 95 per cent. 
of its shafting and uses actually in continuous operation almost 
the maximum power at all times. 

In presenting this paper the author hopes that it will awaken 
enough interest in others to induce them to collect and present 
to the Society useful data which they may have relative to this 
very important subject. 


DISCUSSION. 


Mr. Wm. Kent.—This seems to be another case of cause 
and effect, such as was spoken of in discussing the so-called 


electric feed-water purifier. The supposed cause is not the real 
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cause. I think this saving of 77 horse-power in the electric-— 
driven mill, while no doubt coincident with the installation 
of electricity, was not due to the electricity, but to something 

else. There are two mills about alike, and four lines of shaft-_ 
ing for driving. In one case, in the steam-driven mill, we have 
an engine belted or roped to four lines of shafting, and we 
get 535 horse-power to do a given work. In the other mill the 
engine drives a dynamo, which furnishes current to four motors, 
one on each of the four shafts. Is it conceivable that 77 horse- 
power can be saved out of 535 by the simple change from dire et 
rope or belt driving of the four shafts to driving them indirectly ; 
through an electric generator and four motors? I would like to 
ask the author how the horse-power is determined in the two 


mills. We generally take the steam ‘power in a mill as the indi-- 


cated horse-power in the steam-engine cylinder. Then there are 
the dynamometric horse-power at the flywheel and horse-power 
transmitted to the pulleys. Which of these horse- powers is it that 
he means by a horse-power? If he means horse-power at the ends 
of these shafts then I would like to know how he determined 

it. If, on the contrary, it was not the horse-power at the shafts, 

but the indicated horse-power, then the comparison does not 

seem to be correct, because the horse-power in the electrically 

driven mill apparently is measured on the wires leading to the 

motors, which is less than the horse-power that drives the elee- 

tric generator. If, in the case of the steam-driven mill, it is the 

indicated horse-power, and in the other mill the horse-power 

measured by the electric current at the motors, then the saving 

of 77 horse-power is accounted for. But if there is a difference 

of 77 indicated horse-power apparently caused by the simple 

substitution of electric driving for belt driving, then we must 

look for some other cause, such as that in one of the mills the 

shafting was probably lined better than the other, or that a bet- 

ter lubricant was used. 

Mr. Chas. T. Main.—As stated in the paper, neither of the 
mills under consideration is fully equipped, and therefore the 
friction loads as given do not represent the proper relation 
which they will bear to the total powers required to run the 
mills. 

Assuming, as is stated, that the steam-driven mill will finally 
use about 50 per cent. more than its present power, the total 
required to run the mill will be about 800 horse-power. The 
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friction load will be slightly increased also, but assuming for the 

present that it will not be, it would amount to about 28 per 
cent. of the total. This is too large for a modern cotton mill, 
and I do not think that any definite conclusions can be drawn 
until the mills are fully equipped. 

With a new mill properly arranged, where the power is trans- 
mitted directly from the engines onto the head shafts in the 
various rooms where it is used, the friction load, with the belts 
on the loose pulleys of the machines, including that of the 
engine, should not be over 20 to 25 per cent. of the total load 
required to run the mill. The friction load is increased as the 
power is required to be transmitted through larger distances, 
and around corners before being used. 

A large amount of information bearing upon this subject has 
already been printed in the Transactions of the Society. In 
vol. vi. the paper by Mr. John T. Henthorn, and the discussion 
of the same by Mr. George H. Barrus, give the friction loads of 
over sixty mills. in vol. vii. there is a paper on the same sub- 
ject by Mr. Samuel Webber. 

A part of the friction load becomes useful work when the 
belts are shifted from the loose onto the tight pulleys of a 
machine, so that the actual loss by friction with all the ma- 
chinery running should be less than 20 per cent. Some engi- 
neers add to the power required to run the machinery one-seventh, 
to get the total load. 

The various tests which I have made confirm the figures 
given above. 

At present the transmission of power by electricity cannot 
compete with direct transmission in cotton mills as usually run, — 
for there are in each case certain losses which are the same ;_ 
viz., the friction of the engine and of the shafting, omitting the 
head lengths. With the direct transmission there is the loss in | 
the friction of belts or ropes, and that of the head lengths, 
which is more than offset by the losses in generator, transmis- 
sion, and motor in the electric drive, which is probably nearly 
or quite as much in actual practice as the total friction load 
should be with direct transmission. There is also against the 
electric transmission its extra cost of installation. 

For some particular cases, and other kinds of work than 
textile mills, there is no question of economy of electrical 
transmission. 
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Prof. R. C. Carpenter.—Arranging the data as given on page 
470 on the basis of a, that the total power delivered to shafting 


equal to 1,000 in each case, we have— | 
For the steam-driven mill : ig te 

. : Total Power, Looms and Shafting. Friction. Horse-Power Speed. Looms. 


a Mel 442 27 558 168 
1,000 637 423 367 213 


For the electric-driven mill: 


ia Total Power. Looms and Shafting. Friction. Horse-Power Speed. Looms. 
1,000 493 357 497 143 
Decrease in friction due to use of elec- } 66 horse-power. . 
tricity : \ 6.6 per cent. total power. 

To offset this there will be the loss of conversion and trans- 
mission of the electric current. Remarkably good results are 
obtained if we get 80 per cent. efficiency for dynamos and 90 
per cent. for motors, or 70 per cent. as the total efficiency of 
transformation and transmission. To meet this condition the 
steam engine must deliver about 300 horse-power more when 
electricity is used; so that we have in this case an example when 
300 horse-power is expended to save 66, or, in other words, 
when reduced to the same basis, the cost of transformation of 
mechanical into electrical power, and back again into mechani- 
cal, is several times that of the extra loss in friction due to use 
of the steam engine. 

T am inclined to believe that such a negative saving will often 
be found, especially in the case of factories where the machinery 
is in nearly constant use; on the other hand, the electrical 
power will show more economical results when the machines 
are used infrequently or at short intervals during the day. 

Mr. W. B. Smith-Whaley.*—My. Kent seems to think that the 
electric mill is running its own generating plant. The paper 
distinetly states to the contrary—that the power is measured at 
the receiving station on the meter, after being transfdérmed. 
Whatever losses accrue between the generating station and the 
meter, the mill has nothing to do with. It is a question as to 
whether these losses would exceed a gain apparently in the 
transmission in the mill. 
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As stated in the paper, the causes for this gain are—first, the 
subdivision of the power at suitable points ; secondly, a greatly 
reduced weight of shafting and the complete annihilation of all 

large belts. 

In the steam mill, power was measured at the engine by 
means of indicators; in the electric mill it was read from the 
meter, and these were the units used. 

The balance of discussion does not cover the ground stated in 
the paper, because the object of the paper was to present facts as 
nearly as possible as they existed under the conditions of oper- 
ating the two plants, and distinctly raises the point as to whether 
it would be possible for the saving represented by the method 
of transmission used in the eleetrie mill to be exceeded in frie- 
tional horse-power by direct coupled engine and generator. 

With regard to Mr. Main’s discussion, we can say that it will 


take about 850 horse-power to drive the steam mill when it is 
fully equipped. As was stated in the paper, all the shafting is in 
for the complete mill, and the friction of 226 horse-power, as given 


in the paper, represents the power used for all other purposes 
otherwise than driving the cotton machinery when doing work. 
In this there is in each plant about 10 horse-power in pumps, 


of which no aecount has been taken, and this would reduce the 
frictional horse-power that amount. 

When the mill is completely tilled with machinery, the horse- 
power will not increase to quite 10 horse-power. The author 
estimates about 8} horse-power. Assuming that it will reach 
the full 10 horse-power deducted for the pumps, still gives us a 
figure of 226 horse-power, which is about 26 per cent. of the 
total power ultimately required to drive the full mill. Of 

ourse, this includes driving all loose pulleys on the machines. 

The author agrees with Mr. Main that the transmission 
through generators and motors is very nearly the same in fric- 
tion as direct transmission; but from reliable figures in the 
author's possession, taken from plants actually constructed, and 
from estimates from reliable machinery builders, the extra cost 
of erecting a steam generator and putting in the motors is very 
nearly the same as installing the plant direct with belts or ropes, 
ind the gain in flexibility due to the electric plant is certainly a 
‘reat advantage. 

With regard to Professor Carpenter's discussion, I would say 
that he is very much in error in proportioning the different 
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powers in the mill. All we need say is, that in a 1,000 horse- 
ae power mill the power would be distributed as follows: 


Total Power. Looms and Shafting. Friction Spindles, Looms. 


1,000 416 248 584 168 


; There is in this friction the same allowance for pumps as in 
the paper, no deductions having been made for it. Professor 
Carpenter labors under the same misapprehension with regard 
to the generating plant as Mr. Kent does; and, as stated in the 
reply to Mr. Kent’s discussion, I will simply say that the author 
cannot assert exactly what power would be consumed in driving 
the generator to operate a plant of this size, not having any data 
at present to cover these cases, and distinctly leaves it an open 
question in his paper for further consideration by those having 
such data in their possession. 
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THERMODYN. MIC, WITHOUT THE CALCULUS. 


BY GEORGE RICHMOND, NEW YORK CITY. 


(Member of the Society.) 


In giving, by request, a brief outline of the method of treat- 
ing heat relations, which, on account of its extreme simplicity, is 
coming more and more into general use, it must not be supposed 
that there is any disposition to undervalue the importance of the 
higher branches of mathematics. The contention is simply that 
the use of the calculus is no more essential to an intelligent use 
and understanding of such thermodynamic problems as ordi- 
~narily concern the engineer than it is necessary in order to find 
the horse-power of an engine from the indicator diagram. This 
diagram, in fact, affords a most striking illustration of the advan- 
tage of graphical representation, not only in fixing our ideas, but 
also in facilitating calculations. A mere inspection of it conveys 
an amount of information which, if clothed in mathematical 
formulas, would be unavailable to many, and perfectly intelligible 
to few, if any. Conversely, we may expect that when the heat 
relations we are accustomed to see expressed in formulas are 
presented in graphical form, they will be very much more intel- 
ligible. Results are thus rendered available to the non-mathe- 
matical reader, and an almost equal benefit accrues to the 
mathematician. 

Since the indicator diagram is so familiar, and as every 
change of position on it is accompanied by the addition or re- 
moval of a definite amount of heat, it would at first glance seem 
very convenient to represent these heat changes on this diagram 
itself. Rankine, indeed, pointed out that the mechanical equiva- 
lent of the heat transferred to or from a substance, in passing 
from the condition represented by one point on the indicator 


* Presented at the New York meeting (December, 1897) of the American Society 
f Mechanical Engineers, and naming: yore of Volume XIX. of the Shananetions. 
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diagram to another, was represented on the same diagram by the 
area included between the line joining these points and two 
adiabatics drawn to infinity, one through each of them. Ile does 
not seem to liave recommended this as a practical means of repre- 
senting heat areas, for which it was obviously ill-adapted, but, in 
view of the fact that Rankine divides with Clausius the honor of 
elaborating the conception of entropy, it is astonishing that he 
failed to see the advantage of a diagram on which temperature 
and entropy are the codrdinates. 

If, instead of referring to a diagram * in which neither of the 
quantities involved were represented otherwise than as mathe- 
matical abstractions, he had used them as codrdinates, the tem- 
perature-entropy diagram would have now been in use for forty 
years; incalculable labor would have been saved, and the confu- 


sion of ideas connected with entropy would have been impossible. 


As a more practical method of representing heat changes, 
Rankine suggested a pressure which he writes as »,, and defines 
as pressure t equivalent to expenditure of available heat. He 
did not make any practical use of it, and the only graphical result 
left us by Rankine in his text book is a mere picture. 

Professor Cotterill, however, elaborated Rankine’s idea with 
considerable enthusiasm, and under his treatment the quantity 
Pr served as the means of obtaining a variety of useful results. 
Having undoubtedly obtained all that was to be had from 
exploiting this idea, Professor Cotterill admits, with admirable 
candor, that it is less available for the purpose than the tempera- 
ture-entropy diagram, which he uses to a certain extent. 

Professors Ayrton and Perry, $ recognizing the importance of 
supplementing the indicator diagram in their investigations on 
the gas engine by concurrent information as to changes in tem- 
perature and heat supply, proposed another method of indicating 
these variations on the indicator diagram itself. 

For the purpose of representing the interchange of heat 


*- A Manual of the Steam Engine and other Prime Movers, 13th ed., par. 265, 
266, and 267. 

+ Ibid., p. 400. t Tbid., p. 408. 

| The Steam Engine Considered as a Thermodynamic Machine. James H. 
Cotterill, 1890. 

$ The Gas-Engine Indicator Diagram. Ayrton and Perry, Philosophical 
Magazine, 1884, vol. ii. An excellent description of this method will be found 
in Robinson’s Gas and Petroleum Engines, April, 1890. 
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between steam and the cylinder walls, Dwelshauvers-Déry * de- 
vised still another method of supplementing the indicator dia- 
gram by heat areas. Probably other examples could be found, 
tet these are suflicient to indicate the desire for some method of 
graphical representation of heat changes. This being the main 
purpose of their introduction, it is irrelevant to compare their 
relative merits and originality. They have not been used to any 
great extent by others than their originators, which, however, is 
not in itself a proof that they are not adapted to the special 
eases that ealled them forth. 

The temperature-entropy diagram, on the other hand, is to be 
found in nearly every text book on thermodynamics or allied sub- 
jects published within the last ten years, and, what is peculiarly 
significant, the more recent the edition, the greater the use made 
of it. It will be a surprise to many to learn that Zeuner uses it 
throughout in his masterly treatise,t and that more entropy-tem- 
perature diagrams are to be found here at this early date than in 
any similar subsequent publication. Unfortunately he uses them 
illustrations only; his ealeulations are all analytical, and refer 
to the pv codrdinates. He reeognizes the value of showing the 
results in diagrammatic form, but is indifferent to the fact that in 
many cases these results could be obtained with the same rigor 
by mere inspection of the heat diagram. A very little editing of 

this monumental work, which is at once our admiration and de- 
spair, would render it—or at least the greater and most important 
part of it—perfectly simple to those of us who find no comfort in 
differential equations. The most complete treatment of the sub- 
ject hitherto published is to be found in the treatise of J. Boul- 
vin.t In this case the results are obtained directly from the 
heat diagram, and very useful auxiliary diagrams are introduced, 
which have been recently reproduced with modifications by Pro- 


one 
fessol Reeves. 


* Dwelshauvers-Déry : Etude calorimetrique de la machine a vapeur. See also 
Table of Properties of Steam, by same author, Transactions A, 8S. M. E., vol, xi., 
L890. 

+ Technische Thermodynamik, von Dr. Gustav Zeuner. Erster Band, 1887 ; zwei- 
ter Band, 1890. 

t Cours de Mécanique appliquée aux machines 3°" fascicule théories des machine 
thermiques. J, Boulvin, Paris, 1893. 

The Entropy-Temperature Analysis of Steam-Engine Efficiencies. Sydney A. 
Reeve, 1897. 
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In the English language we find a brief account by Professor 
Cotterill, as already mentioned, and a much fuller treatment by 


Professor Ewing. This latter treatise may be unreservedly com- 
mended to all who wish to study the subject on these lines. 

It appears that the claim, frequently made, of first publication 
in this country is invalid, since Belpaire preceded Gibbs by 


about twelve months. The following list of writers who have 
used it prior to 1890 may be useful for reference : 

1872. Belpaire, Thomas: Bulletin de Cucadémie royale de 
Belgique, vol. xxxiv. 

1873. Gibbs, F. Willard : Zransactions of the Connecticut Acad- 
emy of Science, vol. ii., page 309. 

1875. Linde, Carl: Theorie der Nalteerzeugungsmaschinen. 

1883. Schroeter, M: Z iischrift des Vereines Deut. Ing. 

1884. Hermann, G.: Die Graphische behandlung der mechan- 
ischen Wirmetheorie. 

1887. Zeuner, Gustav: Technische Thermodynamik, erster Band. 

1889. Gray, J. Macfarlane: Proce. Inst. Mech. Eng., and 
“ Rationalization of Regnault’s Experiments,” paper read at Paris 
meeting, 1890. 

This list represents the order of priority according to present 
information. It should really be headed by Carnot, followed by 
the names of Rankine and Clausius, which we prefer to bracket 


+ 


together under date 1854 rather than enter upon the merits of 
an unfortunate dispute. The results obtained by these two 
writers from the inspiration of Carnot rendered the work of the 
rest possible, and these results were left in a form so suggestive 
that the gap of nearly twenty years is a matter of surprise. 

To Mr. Gray, although the last in the above list, must be 
awarded the credit for the popularity of the temperature-entropy 
diagram in England. The abstruseness of the subject obscured 
the simplicity of the tools he used in his paper, which many of 
us heard in Paris; but his application of it to simpler questions, 
and particularly the classic experiments of Willans,t in connec- 
tion with which he freely used the heat diagram, served to 
bring out its manifold advantages. 

The subject has not received in this country the attention it 


* The Steam Engine and Other Heat Engines. By J. A. Ewing, Cambridge, 
1894. 
+ Willans on Steam-Hngine Trials, Min. Proc. Inst. C. E., April, 1893 
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deserves. A few writers, including Professor Carpenter and Pro- 
_ fessor Reeves, have recently made use of the temperature-entropy 
diagram, and it may interest the members to know that the first 
practical application of it appears to be found in the printed 
Transactions of this Society.* 

The temperature entropy, unlike the indicator diagram, cannot 
be traced automatically, but it can be so easily constructed that 
we can conceive the tracing points linked together by such a 
mechanism that, while the ordinate of the » v diagram is sweep- 
ing out areas representing work done by or on the substance, the 
temperature ordinate is concurrently sweeping out areas repre- 
senting heat applied or heat removed. 

In a closed eycle the pencil on each diagram will return to its 
starting point at the same time, and the two together will give a 
complete history of the transaction ; the one will have traced a 
closed area representing either the net work obtained, or the net 


work done, while the closed area traced by the other pencil repre- 


sents the net amount of heat missing from the system, or the net 


amount by which it is increased. The two areas are equivalent ;_ 
the one representing in foot pounds, and the other in heat units, 
the heat that has been converted into work, or conversely. 

The fact that these two areas are equivalent is an expression 
of the first law of thermodynamics, and for this purpose any =~ 
codrdinates fulfilling this condition would have answered. The 
choice of the absolute temperature as one of the codrdinates is 
an expression of the second law. Take for example the familiar 
Carnot cycle bounded by two isothermals and two adiabaties. 


lhe temperature-entropy finger of our supposed instrament — 
would trace out a rectangle (Fig. 115) which is a complete heat | 
record. Comparing point by point the two diagrams— 


1 to 2, addition of heat at constant temperature : /so¢hermal 
pansion. 

2 to 3, reduction of temperature without addition or removal of 
heat: ad/ahatie msion. 

3 to 4, removal of heat at constant temperature : ésotherma/! com- 
pre sston 

4 to 1, increase of temperature without addition or removal of 


heat: adiahatic COMPPESSLON, 


* Vol. xiv., p. 183+ See also vol. xii., p. 874, Effect of Steam Jacket on Cylin- 
der Condensation, W. W. Bird. 
31 
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The quantity of heat added in passing from | to 2 is repre. 
sented by a rectangle, whose height is the absolute temperature. 
The width of this rectangle is therefore the quotient of two known 
quantities. If, for example, the passage from 1 to 2 represents the 
evaporation of one pound of water at 80 pounds pressure, corre- 
sponding to an absolute temperature of 773 degrees and a latent 
heat of 896 thermal units, the width, or entropy, is 896/773 = 1.157. 
If, on the other hand, a perfect gas is expanded at the same tem. 
perature isothermally from 1 to 2, we know that in this case the 
work done, as shown on the indicator diagram, is exactly equiva- 
lent to the heat supplied, as shown on the heat diagram. We also 
know that if 7 is the ratio of expansion, this work area is equal to 
RT log, 7. This divided by 778, to convert it from foot pounds 
to thermal units, is the area of the rectangle, and its width must 
be obtained by dividing by 7’; that is, the width, or entropy, in 
this case, is 7 log, 7. 

It is thus seen that the dimension or quantity denoted by the term 
“entropy” is exceedingly easy to apprehend, and if introduced 
to us for the first time in this manner, it would be inconceivable 
that it could ever have been regarded as more or less mysterious. 
The difficulty comes not from the thing denoted, but from the 
connotation, which in this ease is the validity of the second law. 
It is so important that the notion that entropy is a fictitious quan- 
tity, involving a peculiarly elusive idea, should be dispelled, that an 


illustration of the difficulty usually experienced may be permitted 
from another science. A young student is told that the resultant 
is the swim of two forces; the explanation of the term “sum” as here 


used seems perfectly rational and very simple, and he proceeds to 
combine or resolve forces (as indicated by lines) by the aid of his 
set squares only, with the greatest ease and confidence. The deno- 
tation is very simple; the connotation for him is zero, But to an- 
other man who has wrestled with half a dozen so-called proofs of 
the parallelogram of forces, and who has argued about the ra- 
tionality of the vector notation, the connotation is considerable, 
and represents a mass of imperfectly resolved doubts. 

But it is not sufficient that a thing should be simple ; it must be 
shown to be useful. The claim in the present case is that the 
use of the temperature-entropy diagram renders the study of 
thermodynamics one of the easiest the engineer has to handle. 
A few examples only are necessary; and it would be manifestly 
improper to encumber the proceedings of this Society with a 
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treatise on thermodynamics, which, moreover, is entirely unneces- 
sary in the present state of the art. 

In the first place, most of the propositions relating to entropy, 
which seem rather elusive when referred to the p v codrdinates, 
are little more than truisms when referred to the 7 @ coérdi- 
nates. For example: (1) The entropy imparted in passing from 


Fie, 115. 


one adiabatic to another is the same by whatever path the pas- 
sage takes place. This is equivalent to the statement that the 
distance between two parallel lines is everywhere the same. 

+) The heat absorbed or given out by a substance in passing 
from one state to another is given by the area between the curve 
representing the change of state and two adiabaties, one drawn 
through each extremity of this curve. (See Fig. 116.) 


Richmond P 

116. ' 


(3) If a series of equidistant isothermals be drawn betes two 
adiabaties, they will cut off equal areas from the diagram. (See 
Fig. 117.) 

(+) When heat passes from one body to another the entropy 
of the system is increased. For since heat passes only from a 
warmer to a colder body, the w idth ¢ of the resulting lower tempera- 
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ture heat area must be greater than the width of the equal but 
higher temperature heat area. 

(5) The entropy of the world tends to a maximum. ‘This is 
another way of saying that the tendency of heat is to settle down 
to a uniform level; each transfer, which must be downward, in- 
creasing the entropy. 

(6) If two bodies have different temperatures, a portion of the 
heat of the higher temperature body can be converted into work 
by a suitable heat engine, the remainder being transferred to the 
colder body. The test that all the available heat has been trans- 
formed is that the entropy of the system has not been increased. 
If it has, the lost work is proportional to the increase of entropy. 


a 


Fie. 117. 


Hence increase of entropy is concomitant with dissipation of 
energy, or, rather, destruction of availability. 

(7) The equations to adiabatics can be written down at sight 
from the 7’ m diagram, if we know enough to express the criterion 
of parallelism. 

(8) Some important relations are also self-evident. For exam- 
ple, suppose a pound of steam to pass through the Carnot cycle, 
with a very small change of pressure, and consequent very small 
change of temperature. The height of the figure being very 
small in proportion to its length, the p v area, as well as the corre- 
sponding 7’ p area, may be treated as a rectangle. (Fig. 118.) 

If v be the specitic volume of steam, we have (2); —P;)v = 


that is, if we have a table of corresponding pressur 


in 
= 4,4) 
7 
| 
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tures for short intervals, we can calculate from it the value of ¢. 
Also, since the latent heat Z = 7’ y, 
1 2 


a formula from which the specific volume of a vapor is generally 
calculated. 

It will now be shown how extremely easy the transfer of points 
from one diagram to the other is, choosing first of all the indi- 


Fig. 118 ve, 


-eator diagram of the steam engine, making, however, the expan- 
sion curve that of saturated steam (Fig. 118.), and assuming that 
there is no clearance.* 
The diagram on the p v ordinates requires no explanation ; 


p 3 


1 
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it is obtained by merely plotting the concurrent values of the 
specific volume and pressure as found in the tables. It is now 
usual to find in text books the tables necessary to construct the 
diagram on the 7’ ordinates. 

The length 1-4 is the entropy of one pound of steam at the tem- 


* Given nearly simultaneously by Clausius and Rankine as the first fruits of 
their conception of entropy. 7 
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perature 7, and the length 2.3 that at the temperature 7. We 
may proceed as follows : 

Draw the isothermal line 1 4 of length as given by the table 
of entropy, and at a distance from the base equal to 7), on the 
scale chosen, and complete the rectangle. The height of the 
line 2 3 is known, being 7}, and the position of the point 2 may 
be found from the table, as follows: The area swept out by a 
vertical line following the curve from 1 to 2 represents the heat 
required to heat the water from 1 to 2 prior to its evaporation at 
2. The horizontal travel of this line is tabulated under the head 
of entropy of the liquid, usually written under Greek letter r. 
The difference between its value at 7) and 7, is the length 1 5, 
through which we draw the vertical 5, 2 which determines 2; join 3 
and 4, and the diagram is complete. If, instead of connecting 1 2 
and 3 4 with straight lines, we wish to complete once for all the 
correct curves, it is only necessary to take a series of temperature 
intervals very close together, proceed as before, and then join the 
points thus found with a continuous curve. It is well to do this 
one’s self on square-ruled paper. 

These two areas bound our knowledge of the physical proper- 
ties of the substance as given in the tables, and any point inside 
one area can be transferred to the other by the following simple 
rule : 

Corresponding points in é ach diagrain divide the horizontal line s 
through them in the same proportion. 

For example: To transfer the point _Y from the p v diagram 
to the 7’ g diagram, draw a horizontal AP and through .Y, and 
also ab at the temperature corresponding to the pressure P,,.. 
Divide a) in vin the same proportion as A7? is divided in X, 
then # is the point required. The reason for this rule is suf- 
ficiently obvious. Neglecting the volume of liquid, the percen- 
tage of liquid evaporated along the line 12 at Vis AV/AVP, and 
the same percentage is also av/uh; hence these two ratios are 
equal, 

Adiabatics on the 7’ @ diagram are verticals, and corresponding 
adiabaties can be drawn on the pv diagram by the above rule. 
If the steam is dry as at 3, we see that after adiabatic expansion 
it is wet in the proportion 1,6 steam and 6, 4 water. The per- 
centage of dryness is 1,6/1,4. This percentage can be read from 
the figure, or taken direct from the table, for 1 6 is the sum of 
15 and 2 3, both tabular values as well as 1 4. 
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It is apparent that if we have any one point on an indicator 
diagram for which we know the state of the steam, we can trans- 
fer the whole diagram to the Z’y codrdinates, and read off on it 
the heat changes. A few easy exercises may be suggested. 
Boiler pressure being 80 pounds and exhaust into the atmosphere, 
then, excluding action of the cylinder walls : 

(1) If steam is dry at the cut-off, how much moisture will it 
contain at the end of the expansion ? 

(2) If steam contains 15 per cent. moisture at beginning of ex- 
pansion, how much will it have at 10 pounds pressure ? 

(3) If all water is turned into the cylinder, how much of it will 
be steam at 40 pounds pressure, at half stroke, at temperature 

of 240 degrees ? 

(4) Draw an adiabatic on the » v» diagram, by transfer from 
the diagram corresponding to initially dry steam, and to steam 
containing 10 per cent. moisture. 

(5) If the steam is assumed to have initially 15 per cent. moist- 
ure, and to expand along the hyperbolic curve, draw this, trans- 
fer it to the Z@ diagram, and find how much heat the steam 

received or rejected during expansion. 

(6) Assume in previous case that the steam is exhausted at 10 
pounds pressure. 

(7) Suppose case of steam pump and no expansion ; transfer 
diagram to 7. 

(8) What are termed the equations to the steam adiabatics really 
relate only to the 7p diagram. Every purpose for which they 
are used is served by direct reference to it, and the equations in 
question are merely the algebraic statement that a pair of adia- 
batics are everywhere equidistant. For example, the equation 
to the adiabatic 3 6 is: 


Pr = LY, — (12-71); 


L, L 
LOW, and = ‘; and since the heat along 1 2 is 
2 1 

proportional to the rise in temperature, 1 2 is a logarithmic curve, 


and the tabular value (7, — 7,) = log, ik hence the equation is: 
1 

', — log, and so on, with slight variation 
2 1 


-n form for an adiabatic drawn through any point. 
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If, after completing the evaporation at the point 3, further heat 
is added to the steam, it will be superheated ; and, leaving the 
horizontal line, the temperature ordinate will increase in length 
in proportion to the heat added. After considerable superheat- 
ing, the specific heat of steam gas may be considered constant, 
and the line 3 7 (Fig. 121) is a logarithmie curve, the entropy for a 
rise from 7, to 7; being C log, n= 408 log 7 The curve, 
however, if data are available, may be drawn and used to solve 
any problems involving superheated steam. - 


¢ 


Richmond 


Refrigeration.—Similar diagrams may be used for the refrigera- 
tion cycle when a liquefiable gas is used. Under what isknown as 
wet compression, the evaporation in the refrigerator is stopped 
at the point 6. The mixture is then compressed along the adia- 
batic 6 5, after which the gas is condensed, the heat being re- 
moved along the line 321; 2 being the temperature of the con- 
denser, the heat of the liquid 2 1 is removed at the expense of the 
refrigerator, and must be deducted from the gross refrigerating 
effect, namely, the heat taken up along the line 1 6. When the 
liquid j is fully evaporated © in the refrigerator, the compression is 


“yur 
Fie. 121. 
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along the line 4 7, the gas being superheated to 7, then cooled 
and liquefied along 7 8 2, the work in each case being the closed 
aren above 1 4. 

erfect Gases.—For perfect gases we have a much larger area 
of explored territory, and for every point where the characteristic 
equation 

holds true, we can pass from one diagram to the other with the 
greatest facility. /2 being a constant, we obtain at once the 
value of 7 corresponding to any pair of concurrent values of 


PV by simple arithmetic or geometrical construction. (Fig. 122.) 
We also know the rates at which heat is added when the pressure 
and also when the volume remain constant. These are the spe- 


P ¥ 
2 
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cific heats, name mand xn. We have seen that when 
heat is added at a fixed rate of mor x units per degree rise of | 
temperature, the curve traced by the extremity of the travelling 
temperature ordinate is the logarithmic curve, and the entropy in 


‘yr ‘yy 
passing from to Z, is m log, and log, respectively. 
l 1 


These being fixed curves, they may be cut out once for all and 
marked constant pressure curve and constant volume curve, re- 
spectively. All usual thermodynamic problems relating to perfect 
gases may then be solved on the drawing board. Suppose, for 
example, we wish to transfer the points 1 and 2 from the pv 
coordinates to the 7’ coérdinates, and thereby determine the 
heat imparted or removed in passing from 1 to 2: 

Draw a line of equal pressure through 1, meeting a line of 
equal volume through 2 in 3. Then 7}, 7:, and 7 may be found 
by caleulation, or by finding a fourth prop al to P, 2, and — 


re | 
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V, by construction. By these means we obtain the three isother- 
mals, 7), 7;, 7;. We may select the point 1 on 7; at any con- 
venient place, since it is only the relative positions of the points 
we desire. Then setting our constant pressure curve at 7), we 
draw by means of it the line 1 3; this determines point 3. Now 


» 


take the constant volume curve, set it at temperature 5, and draw 
the line 3,2. This fixes the point 2. For an accurate determiua- 
tion of the amount of heat added or removed in passing froin 1 
to 2, it is necessary to take intermediate points tolerably close 
together, unless the line joining them is some determinate path. 
However, in the heat diagram the height is so very much larger 
than the width, that very little error is made in treating it as a 
trapezoid, and obtaining its area by multiplying its width (the 
change in entropy) by the average value of 7. 

We may note: 

(1) If the point (2) falls to the right of (1) on the 7’ diagram, 
heat is alded in passing from 1 to 2. 

(2) If (2) hes to the left of (1), heat is removed in passing from 
(1) to (2). 

(3) If 1 and 2 are on an isothermal, we should have found 
T,= T’,, and the point (2) would have been found by the same 
construction. 

(4) If 1 and 2 are on an adiabatic, the line of constant volume 
would have intersected 7’, on the vertical through (1). 

In applying this method to an ordinary indicator diagram a 
practical difficulty would be encountered, from the fact that the 
scale of the diagram would be variable. We can easily calculate 
the entropy in passing from (1) to (2), and thus avoid the necessity 
of using an auxiliary point (3). 

The entropy, or distance between the two verticals, is obviously 


the sum of the projections of the curves 1 3 and 3 2, considering 
the latter as negative, since it is drawn backwards. 
Now, the projection of the constant pressure curve 1 3 is 
m log, »;» Which may be written m log, a since the pressure 
1 1 
being constant during this period the temperature varies as the 
volume, and JV, is the same as V4. 


The projection of the constant volume curve 3 2 is — ~ log, 


2 


I 
n log, j> Which may be written +n log |: since the 
3 
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volume being constant, the temperature is proportional to the 
pressure, and P, = P,. Ience 
Pp = log, log, P; 
By means of this equation and the relation PV= RT, we 
can examine the heat changes of, for example, a gas-engine 


diagram. Such an examination of an actual diagram from a 
Hornsby-Akroyd oil engine is given below, the values of 7’ and » 
for ten points on the curve having been caleulated.+ (Fig. 123.) 


T 8 
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Some uncertainty attaches itself to the value to be assigned to 
mand x. By a process of approximation usual in this connec- 
tion, and which cannot be far from the truth, the value of 7 has 
been taken as .246 on the compression curve and .26 on the 
expansion curve, while 7 is taken at .176 on the compression and 
189 for the expansion curve. One of the conveniences of this 
method is the fact that we can draw our diagram to any con- 


9. the points lie on the same adiabatic, and this is its 
equation, It may be written. 


=, 
m 
P,V,' = P,V,"*, its usual form, and generally 
obtained by integration of a differential equation. It will be observed that the 
‘inal integrations for elementary problems in thermodynamics are of the simplest 
possible character and can be avoided altogether on assumptions such as are quite 


‘sual, as, for example, in applying the hyperbolic curve to the indicator diagram. 


+ The Oil Engine. G. Richmond, Transactions Eng. Soc. of Columbia Univ., 
1896-97. 
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venient scale without assuming any value for 7. When subse- 

: quently a value is either ascertained by experiment or assigned, 
the scale of Z’ may be written in the same diagram, and of 
course serve for any other value of Z’ by simply noting the 
change of scale. 

In the same manner ordinary logarithms may be used in caleu- 
lating ~, and any convenient scale for plotting the results and for 
numerical results, the actual value of the entropy scale can be 
readily ascertained. From the table of values it is evident that 
the compression curve is practically an adiabatic, the slight 
accession of heat from the warm cylinder during the commence- 

ment of the stroke being compensated by the rejection during 
the latter part of the stroke, and both being too small to be shown 
on the heat diagram with the scale used. While the bulk 
of the heat is added at the time of the ignition, sufficient is 
added during the time of expansion to carry the expansion 
curve above an isothermal. The heat due to this retarded 
combustion is really very much greater than the figure shows, 
- since, during this time, heat has been escaping through the 
walls. It is obvious, from the following table, that with care- 
ful measurement relatively very small additions of heat are 
measurable, 


176 log p + 246 log v 


6094 
6149 
6159 
6154 
6095 


189 log p + .26log V 


1391 .928 6943 
1404 956 
1438 3.027 
1460 3.073 
1428 3.006 
1300 2.800 7308 


The diagrams representing the theoretical heat relations in the 

yarious types of internal combustion engines are very easily 

drawn, and will, on the face of them, demonstrate the fallacy of a 
number of popular jdeas, such as, for example : 


t 
A 
} | 
PV 
| | 7 + 

= 475 1.000 
545 1.147 —55 

fea 600 1.263 10 
- 661 1.391 | —5 
708 1.486 | —59 
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(1) That the Carnot cycle has any significance, whatever, as a 

measure of the efficiency of the ordinary Otto cycle. It is not 
unusual to insert the enormously high temperatures obtaining in > 


the gas engine in the ratio 
T-T. 
= 


and from the result thus obtained argue that the gas engine is theo-_ 
retically capable of utilizing 70 or 80 per cent. the heat supplied. | 

(2) That a Carnot cycle, if obtained, must necessarily be more 
efficient than the Otto cycle, with the same amount of initial 
compression, 

(5) That the heat flowing into the jacket, if suppressed, would 
be converted into work. It would be seen that the effect would 
be to throw the bulk of this heat into the exhaust, where it belongs. 

Obtaining Low Temperature.—lt may be interesting to examine 
by this method the principles underlying the recently developed 


methods of obtaining very low temperatures. 


Ww; 

Ww R 
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(1) The Step-by-Step Method.—The physical properties of the — 
agents used preclude the possibility of using any one for an 
extreme range of temperature. By using several we obtain many 
of the advantages secured to the steam engine by compounding, Pal 
Assuming the Carnot cycle, we have first a machine which, by the | 
expenditure of the work W,, lifts an amount of heat 72, from the — 
level 7, to 7., where it discharges it, together with W,, in the 
shape of heat. The heat /?, may come from an insulated vessel 
which is maintained at the temp. 7’ 


1* 


A second machine, by doing. 
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the work IW, lifts the heat 72, from the temp. 7’, to 7, and discharges — 
into the scmnal from which W. lifts it to temp. 7. W, in a third | 
machine may be applied to lift the heat R, from 7’, to 7, and — 
discharge it into the refrigerator of the next machine, and so on. | 

(2) Ave Machine with Regenerator (Fig, 125).—Air is compressed ; 
adiabatically from 1 to 2; it is cooled to its original temperature 7’, 
by removing heat along the line of equal pressure 2 3. It is then 


——— 
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expanded along the adiabatic 3 4, reaching the temperature 7). 
The cold air then takes up heat along the line 4.1. It can continue — 
to receive heat only until some temperature intermediate between 
T, and: 7, since the refrigerator is always at a temperature | 
lower than 7’. Let this be 7’, then the heat received from 5 to 1 
is wasted. Theoretically compression could take place along the— 
line 55, if the air were taken out of the refrigerator, but the 
impossibility of keeping the eylinder cool enough practically 
destroys this advantage. But by means of an interchanger, 
which, in this connection, is termed a regenerator, the heat from 
5 to 1, instead of being taken from outside objects, may be utilized 
to cool the compressed air along the line 3 6,so that when expan-_ 
sion takes place along the adiabatic 6 7 the final temp. will be 7", 
which is lower than Z,. This lower temperature heat can be — 
used on the next trip to reduce still further the temperature 
at which the expansion takes place. Thus the effect is cumula- 
tive; but it must be observed that the expansion cylinder has to 
be kept colder and colder as the process proceeds, which puts a 
practical limit to it. 

(3) Air Machine with Rege nerator and no Expansion Oylin- 
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der.—It is well known that air is not a perfect gas, and Profes- 
sor Linde has had the happy idea of utilizing this fact to abol- 
ish the expansion cylinder, and at the same time to utilize the 
regenerative effect to obtain temperatures sufficiently low to liquefy 
the air itself. If air were a perfect gas the heat discharged along 
the line 2 3 would be exactly equivalent to the work done on the 
air in the compression cylinder, and the heat received along the 
line 4 1 would be exactly equivalent to the work done by the air 


in the expansion cylinder. When a liquefiable gas is used, as we © 


see by reference to Fig. 119, the work done in the compressor is a 
small part of the heat discharged, and the work done in the ex- 
pansion cylinder is relatively so small as to be omitted.* 


Now, in an imperfect gas there is present a molecular interac- 
tion, not sufficient to cause liquefaction, but when made active by 
pressure it is sufficient to transform a certain amount of heat. 
Thus the heat discharged along 2 3 is a trifle more than the equiva- 
lent of the work done, and the heat received along 4 1 is a trifle 
more than the equivalent of the work done in the expansion 


eylinder. This being understood, suppose the expansion cylinder 
suppressed, and the air allowed to rush into an insulated vessel. 
If we concentrate our attention on the issuing air we find that the 


work which would have been done on the piston is done on the air 
itself ; it will be instantly cooled, the cooling being the equivalent 
to the kinetic energy of its motion as a whole. [Dut in time it is 
brought to rest, this kinetic energy is reconverted into heat, and_ 
if it were a perfect gas its final temperature would be that which 

it had before being released from pressure. But being an im- 
perfect gas, the molecular action set free by the release from 
pressure asserts itself, and heat must be supplied from the air 
itself to permit its operation. Hence, the final temp. is a little 
lower than 7}. In short, we have a certain initial refrigeration 
without the expansion cylinder. The nearer the air approaches — 
the critical point the greater the molecular work, and the more’ : 
rapidly the cooling proceeds. These facts also explain why a 
carbonic acid machines continue the refrigerating work after the 
critical point has been passed even when no expansion cylinder 
is used, the gas being very imperfect for temperatures near the — 
critical point. 


* See also notes on the refrigerating process. Transactions, American Society 
Mechanical Engineers, vol. xiv., p. 224. 
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It is hoped that the few examples, purposely drawn from famil- 
iar subjects, may serve to stimulate inquiry; and to facilitate such 
inquiry an effort has been made to present the “state of the 
art” up to date, rather than to impart a knowledge of the same. a 

DISCUSSION. 

Mr. Wm. Kent.—It may be remembered that at the Hartford 
meeting of this Society last spring, I requested Mr. Richmond to 
present a little treatise on “ Thermodynamics without the Calcu- 
lus.” I do not know of any discussion in the English language 
to-day which is suited for what might be called kindergarten 
stage of knowledge concerning this subject. I had trusted that 
he would not have been afraid to compromise the dignity of the 
Society, and that of its members, by an elementary discussion 
for the benefit of those of us who know little of vector quantities 
and denotations, and all that. I thank him for what he has 
done, and can only regret that he has presented the state of the 
art up to date rather than to have attempted to impart a knowl- 
edge which too many persons have had to go without. 

Mr. Geo. Richmond.*—The writer's attention has been called 
to the fact that Mr. W. W. Bird used the temperature-entropy 
diagram ina paper read before this Society, and mention has 
been made of it in a foot-note in its proper place. In this case the 
codrdinates are reversed, but it goes to show that the adapta- 
bility of the method has forced itself independenly upon a num- 
ber of investigators. 

It has also been suggested that the method of transferring 
points from the indicator diagram to the temperature-entropy 
diagram could be further elucidated with advantage. For heat 
engines using a vapor very full details will be found in vol. xiv., 
pages 214 to 228. For gases the corresponding points on the 
temperature-entropy diagram are obtained from the well-known 

formulas : 


| 


i is place of the first of these any of the formulas giving the 


relation for imperfect gases may be used, as, for example, that 


* Author’s closure, under the Rules, 
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of Ledoux or that of De Volson Wood. In any case all the 
quantities on the right hand of the equations are known. In 
the case of vapors the principal lines of the diagram may be 
drawn once for all, but for gases it is better to construct it point 
by point. When studying the questions relating to perfect gases, 
C,, log N » C, log, may be cut out in wood and used as deseribed 
in the text, but for the reason explained they cannot be used to 
transfer directly points from an actual indicator diagram, since 
the scales vary in each case. To construct these curves take 
any table of hyperbolic logarithms, plot for abscissas, the 
product of the log by C, p C, respectively, the ordinates being in 
each case the natural numbers themselves. 
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AMERICAN SOCTETY OF MECHANICAL ENGINEERS, 
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Tue convention of the American Society of Mechanical Engi- 
neers, at Niagara Falls, N. Y., was an interesting one, as being 
the first successful attempt on the part of the Society to con- 
duct a meeting without incurring obligation on the financial 
side in the city where the convention was held. While there 
are interested and active members of the Society in Buffalo and 
the other cities of the western part of New York State, yet they 
were specifically and directly requested to permit the members 
of the Society to pay their own way and meet their own ex- 
penses. The Engineers’ Society of Western New York, learning 
of the intention of the Society to hold a Niagara Falls meeting, 
appointed a committee to make arrangements for the pleasure 
and comfort of the Society, and to that committee great recog- 
nition is due for their interest in its details. Mr. W. C. John- 
son, engineer for the Niagara Falls Hydraulic Power Company, 
was made the chairman of this committee of arrangement, but 
in all details of transportation and in the expenses of the recep- 
tion, it was made possible for the pleasure of the members to be 
secured without the expenditure of money by their hosts. In 
this respect the Niagara Convention is a noteworthy one. 

Mr. Johnson called the opening session to order and intro- 
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duced the Hon. Arthur Hastings, Mayor of Niagara Falls, who 
welcomed the Society to the opportunities of his city. This 
session and all the business sessions were convened in the 


assembly room of the Cataract Hotel, in which headquarters 
were conveniently located. After suitable reply by the 
dent, Mr. Charles Wallace Hunt, 
through the meeting, the Society listened to a paper by 
the Cataract 
Niagara Falls Power Company, 


Presi- 
who occupied the all. 
Mr. 
Construction Com 
illustrated by 

Mr. W. A. 
Brackenridge, engineer for the company, also coéperated with 
Dr. Sellers. 


Coleman Sellers, engineer for 
and the 


lantern slides from photographs and drawings. 


pany 


Second Session. WEDNESDAY MORNING, JUNE 


This session was made the opportunity for business. It was. 
called to order by the president at 10.30. The register in head- 
quarters showed the following members in attendance : 


Haskins, HS. 
Henning, G. C 


llorton, 
Hugo, T. W. 
Hunt, Charles 
Pre nt. 
Hunt, F. W. 


Christie, Jas. 


Cloudsley, 


Albree, Chester B. 
Almond, Thos. R. 


Angus, Robt. Cogswell W. 
Atwater, C. G. Colvin, F. 
Baker, F. D. Conant, Wm. Wallace, 


Baker, Chas. W. 
Bartlett, G. B. 


Conrader, R. 
Cooper, H. R. 


Barnaby, C. W. Geo. R. Ilute ins J. A. 

Bates, A. H.  -Detrick, Hutton, F. R., Secretary. 
Beach, C. Dow, Chas. Jacobs, 
Jellows, L. E. Farll, ¢ Keep, W, 

Benjamin, Chas, H. Fawcett, <4 King, 

Bird, W. W. Fickinger, P. J. Kirchhoff, C. 

Bole, Wm. A. Flinn, Thos. F. * Laforge, F. H. 7 
Bourne, S. N. Foster, Chas. E. Lane, H. M. 
Bover, H. Fryer, Geo. G, Leitch, Meredith, 
Boyd, H. a Gabriel, Wm. A. Lodge, Wm. =) 
Bryan, Wm. H. Glenn, Il. } ~Mackintosh, Frank. 
Buchanan, A. W. Gobeille, J. L. J Magruder, W. T. 

Bulkley, Granger, A. 8. Mason, H. I 

Bump, B. Gray, Thos. - McBride, James. 

Burbank, L. Griess, Justin, Jr. McDonald, C. F, 


Greene, C. 
Guthrie, FE. B. 
Hand, F. L. 
Hammett, H. G 
Hartness, Jas 


Meet 
MeLeod, Wm. C, 
ia Meier, E. D. 
Melvin, D. N. 

Merril), G. HH. 


Camp, Geo, 
Thos. W. 
Neweomb. 


Cape n, 
Carlton, 


Cassier, Louis. 


Cheney, W. L 
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Mever, H.C. Riehmond, Geo. Sweet, Jno. E. 

Mesta, George. ‘Richmond, B.C. Taber, Geo. H., Jr. 

Miller, F. J. Rites, F. M. Tabor, Harris. 

Morgan, C. Roberts, Wm. Varney, W. W. 

Morris, H. Robinson, A. W. Wallace, D. A. 

Morse, C. M. Robinson, 8. W. Waliace, Wm. 

Neff, H. ‘Sabin, A. H. Warner, Worcester R, 
Newhall, J. B. ‘Sawyer, Harry. Warren, Jno. E. 

Nicoll, C. H. Seott, Geo. HH. Watson, H. D. 
Otis, Spencer. Sellers, Coleman. Weeks, Geo. W, 

Parks, E. H. ‘Serrell, Jno. A. Wellman, Chas. H, 

Porter, H. F. J. Sparrow, E. P. Wellman, 8. T. 

Quimby, W. E. Stanwood, J. B. Whittier, has. 

Reea, W. E. Stearns, Albert. Wiley, Wm. 

Reeve, C. D. Stiles, N.C. Winther, A. G. 
Richards, C. B. Suplee, H. H. 


Pursuant to the usual policy, of reducing the routine business 
of the spring meeting of the Society to its lowest terms, the 
only two items of business presented were the notice by the 
Secretary, of amendments to the rules to be acted on at the 
annual meeting in November, and the report of the tellers of 
election. 

Article 10 is to be supplemented by the addition at its close 
of the following : 

‘Applications for membership from engineers who are not resident in North 

America, and who may be so situated as not to be personally known to five mem- 
bers of the Society, as required in the foregoing paragraph, may be recommended 
for ballot by five members of the Council, after sufficient evidence has been 
secured which shall show that in their opinion the applicant is worthy of admis- 
sion to the grade which he seeks.” 
And the sentence in that same article which now reads, “ He 
must refer to at least five members or associates, personally 
known to him,” is to be changed so as to read, “ He must refer 
to at least five members or associates to whom he is personally 
known.” The final sentence of the present article is to be_ 
similarly changed, and the words * personally known to him,” 
are to be changed to “to whom he is personally known.” 

The report of the tellers of election, concerning the members— 
seeking to join the Society at this convention, was read, as” 
follows : 

REPORT OF THE TELLERS OF ELECTION. 


The undersigned were appointed a committee of the Council to 
act as tellers (under Rule, 13), to scrutinize and count the ballots 
cast for and against the candidates proposed for membership i in 
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the American Society of Mechanical Engineers, and seeking elec- 
tion before the thirty-seventh meeting, Niagara Falls, N. Y., 188. 

They have met upon the designated day in the house of the 
Society, and have proceeded to discharge their duty. They 
would certify for formal insertion in the records of the 
Society, to the election of the persons whose names appear on 
the appended list, to their respective grades. 

There were 439 votes cast on the orange ballot. of which 
seventeen were thrown out because of informalities (the mem- 
bers voting having neglected to indorse the sealed envelope). 

Joun C. 
Gus C. HENNING, 
H. H. Super, 
Gro. H. Ricumonn, 


ELECTED AS MEMBERS. 


Ames, Jos. H. Hitchock, E. A. Reid, « 
M. Hloward-Smith, 8. Replogle, Mark A, 


Barth, C. Hubbard, H. De F. Roberts, W. B. 
Benns, C Johnson, H. J. Sargent, H, B. 
Blackwell, J. 4 Leitch, Meredith. Smith, Ephriam. 
Bray, Thos. J., Jr. se ge r, F. 8S. Sparrow, J. P. 


Burbank, L. 8. Neff, E. H. f Stone, J. W. 


Emrie, Almon. John ©. Tucker, E. D. 
Greer, R. C. Pease, Chas. S. | Tyberg, Oluf. 
Pessano, A. C. Washington, Wm. De H. 
Poole, Herman. Williams, Thos. H, 
Reed, Wm. E. ned Winand, P. A. N. 
ELECTED AS ASSOCIATES. 
Bellows, L. Crouch, C. HH. Knight, H. S. 


Berg, H. Densmore, Edw. D. togers, Chas. E. 
A. Jones, C. R. Waddell, Geo. F, 


Hanna, E. 
Harris, J. 


PROMOTED TO FULL MEMBERSHIP. 
Bierbaum, C. ye Norris, Hl. M. Prosser, Jos. G. 


Dewson, E. H., Jr. Patitz, A. M. Van Trump, Chas. R. 
MecCleliand, 8. Prather, H. B 


ELECTED As JUNIOR MEMBERS. 

Allan, Percy. Ennis, W. D. Merrill, Geo. H. 
Andrews, Wm. J. Fisher, L. D. Mott, Charles 8S. 
Ball, B. C. ac Frothingham, F. E. Neuhaus, F. A. E. 
Blair, A. W. | Gott, Jos., Jr. Orr, A. M., Jr. 
Broome,E.L. Griess, Justin, Jr. Sayers, Jno. H. 
Chambers, F. R., Jr. Harding, Adalbert. Spillman, E. O. 
Counett, L. R. Hillyer, Geo., Jr. Stevens, A. H. 
Duncommun, Edward. Jones, David T. 7 Wickhorst, Max H. 
Ekstrand, Chas. Massey, Geo, B. Widdicombe, Robt 
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On behalf of the Committee on Uniform Standards in Methods 
of Tests and Testing Materials, Mr. Henning reported that the 
experimental furnace for which certain members of the Society 
had subseribed the necessary purchase money, had been in- 
stalled in the laboratories of Columbia University, and that 
with proper pyrometric appliances the committee was investi- 
gating the laws of contraction of cast iron and its expansion 
during the process of cooling. He stated that those points 
which were so clearly defined in Mr. Keep’s paper on cooling 
curves, corresponded probably to points at which a rearrange- 
ment takes place in the iron itself of the elements composing 
it, especially carbon, and that these are the critical points which 
; are somewhere at temperatures below 800 degrees. He hoped 

that at the next meeting a complete report connecting these 
points of recalescence in cast iron under rising and falling 
temperatures, as well as the behavior of wrought iron and steel 
of various carbons, can be presented to complete the series of 
reports which have already been made to the Society. 

The Secretary made official announcement of the death of 
Sir Henry Bessemer, honorary member of the Society, at his 
home in England, on March 15th, 1808. It had been the desire 
and intention of the Council, that a memorial monograph in 
preparation by Mr. James Dredge, of England, should be pre- 
sented at this spring session, which should thereby be made 
in a sense a memorial session in recognition of the services 
which the Bessemer inventions and machinery had done for 
mechanical engineering the world over. Mr. Dredge’s plans 
had been frustrated, so that the text of the paper was not in 
hand for presentation at the meeting, but by direction of the 
Council it was presented by title in this way, with a view to its 
incorporation as one of the papers of this meeting, into the 
volume of Transactions for the current year. 

The professional papers were taken up in their order, the 
Secretary reading the first paper, which was by Mr. Geo. H. 
Barrus, and entitled, “ Plea for a Standard Method of Con- 
ducting Engine Tests,” which was followed by Mr. Bryan 
Donkin’s paper on “ Extension of the Standard Uniform Meth- 
ods of Conducting and Reporting Steam Engine Tests.” The 
discussion on these papers was taken up jointly after the reading 
of the second one, and was participated in by Messrs. Stan- 
wood, Carpenter, Magruder, Barnaby, Boyer, 5, W, Robinson, 
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A. Wells Robinson, Meier, Henning, Christie, and Suplee. 
At the close of the debate, which had a distinct trend towards 
the advisability of appointing a committee to consider the sub- 
ject, Colonel Meier, of St. Louis, arose : 

Col. BE. D. Meier.—1 move that the Council be empowered to 
constitute or to appoint a committee of seven to take up this 
matter of uniform methods of conducting and reporting steam- 
engine tests, in the most general manner, as suggested by Mr. 
Barrus and Mr. Donkin; and of course all the points brought 
up in debate can be taken up by the committee. 

Mr. Gustavus C Th nning.—I second the motion ; only I would 
suggest that the number of members be reduced from seven. 
because in the work of other committees the assembling of such 
a large number has been found exceedingly difficult, and the 
work would progress if the number were reduced. 

Colonel Meier.—I will amend my motion and make the num- 
ber five. I think five would be a better number. 

Mr. Ilenning.—It is simply a matter of expediency.  \ 


it! 


= 


i 


that amendment I second the motion. 

The motion was carried. 

A paper by Mr. O. C. Woolson, on ** The Hanging and Setting 
of Fire Tube Boilers,” was discussed by Messrs. Bissell, Le Van, 
Fawcett, Bryan, Wm. H. Barnaby, Boyer, Henning, Hugo, 
McBride, C. W. Baker, La Forge, Garrett, Suplee, Meier, Bird, 
and 8. W. Robinson; that by C. W. Baker, on “ What is the 
Heating Surface of aSteam Boiler?” being discussed by Messrs. 
F. W. Dean, Fawcett, Wm. H. Bryan, S. W. Robinson, Henning, 
Barnaby, Hugo, Meier, Garrett, Suplee, Bird, La Forge, McBride, 
and C. W. Baker, this being the final paper of that session. 

At the close of the meeting the courtesy of the floor was given 
to Mr. Emile C. Geyelin, the veteran hydraulic engineer and 
expert in water wheels, who presented some facts concerning _ 
the propelling plant of the Niagara Falls Paper Company. The 
wheel-pit was described as wholly excavated out of rock, 156 
feet deep, with a width of 42 feet 6 inches, and a breadth of 28 
feet Ginches. This pit receives its water from the inlet above 
the Rapids, and discharges at the bottom into a 7-foot tunnel. 
Three turbines, each of 1,100-horse-power when operating under 
a 140-foot fall, were started in 1893. Three additional wheels, 
each of 1,300 horse-power, were afterwards attached. These } 


turbines are 4 feet 8 inches in diameter, and are calculated to 


| 


NIAGARA FALLS MEETING. 507 


run at a speed of 250 revolutions. Each turbine casing has a 
66-inch diameter valve gate, controlled by a hydraulic lift, 
whereby any one wheel can be shut off. The regulating gates 
of the wheel are controlled by a governor at the top of the pit. 
The weight of the vertical turbine shaft, 156 feet long and 10 
inches in diameter, having at the lower end the turbine and the 
upper end a bevel wheel, is 66,250 pounds in each case. The 
water is introduced from below and counterbalances this weight 
when operating at full load, but on account of the violent fluctu- 
ation in resistance the usual thrust-bearing construction is 
provided, to allow for variations in the counterbalance. Firm 
bearings for the long upright shaft are secured by a series of 
steel frames, 21 feet apart. The turbines are of bronze, and 
provided with a series of grooves to reduce leakage of water. 
At the top of the vertical shaft the power is changed into hori- 
zontal motion, at a speed of 200 revolutions for three of the 
wheels, by means of mortise bevel wheels having 5} inches 
pitch and 20 inches face. The last three wheels have steel 
bevels, experience having shown that the average life of the 
wooden cogs at this speed did not exceed 2,640 working hours. 

In addition to these six turbines the plant of the Niagara 
Falls Hydraulic Power and Manufacturing Company has re- 
cently installed 2,500-horse-power turbines under a total fall of 
215 feet. These turbines are with horizontal axis connected 
directly to the dynamo which is to absorb the power. 

Mr. Geyelin illustrated his remarks with elaborate blue- 
prints. 

WEDNESDAY AFTERNOON. 

The members this afternoon were the guests of the Cataract 
Electrie Power Company, the Carborundum Company, the 
Niagara Falls Paper Company, and the Niagara Falls Power 
and Manufacturing Company. Parties were taken to the plant 
of the Cataract Power Company by a convenient line of street 
ears, and after visiting this great work in a body broke up into 
small parties, which visited the other points of interest. The 
shop of the Dobbie-Stuart Company was also open to visitors. 


WEDNESDAY EVENING. 


The parlors of the International Hotel were thrown open to 
the members and their friends, for a reception with dancing, 
followed by a collation. The President and the Chairman of 
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the Committee of Arrangements, with their ladies, received the 
members on entering, and an active floor committee made the 
evening pass pleasantly and brilliantly. The ménu had been 
specially devised, with interesting and flattering references to the 
events of the month in connection with the Spanish-American 
war, 


Session. THurspay, JUNE 2p. 


The papers of the morning were by Mr. Jas. W. See, entitled 
“Patents,” discussed by Messrs. Varney, Morison, Faweett, 
Foster, Bates, C. W. Baker, Albree, and 8S. W. Robinson; by 
Mr. Wm. H. Bryan, on “ Relations between the Purchaser, the 
Engineer, and the Manufacturer,” which was discussed by 
Messrs. Meier, Barnaby, and Hugo; by Geo. A. Lowry, entitled 
“One Hundred Years of Ginning and Baling Cotton ;” following 
the presentation of which paper Mr. Cleaver made some further 
remarks, and opened a bale of cotton which had been com- 
pressed by Mr. Lowry’s press ; by R. H. Thurston, on “ Graphic 
Diagrams and Glyptie Models,” and by Chas. L. Norton, on 
“The Protection of Steam Heated Surfaces,” remarks and dis- 
cussion on this paper being made by Messrs. Carpenter, Meier, 
Sweet, Robinson, 8S. W. Bates, Gobeille, Gray, Thos. Hutton, 
Suplee, Otis, and C. W. Baker. i. 


THURSDAY AFTEENOON. 
Arrangements were made by the local committee, whereby 
the members might purchase at special rates the complete 
series of tickets necessary for the excursion which was planned 
for this afternoon, to take in the Gorge. Crossing the newest 
arch bridge to the Canada side, the party was taken in cars of 
the Niagara Falls Park and River Railway up to Chippewa, and 
from thence back again down the river to Queenston. This 
gave an opportunity to see the lower river and the Whirlpool 
from the top of the bank. At Queenston a steamer conveyed 
the party across to the American side, and after a brief run from 
Lewiston down to Fort Niagara, on the lake, and back, the 
return trip up the Gorge on the American side was begun. At 
a point below the Whirlpool a stop was made to witness the 
shooting of the Rapids by a couple of Indians in their canoes, 
and the party returned to their starting point. 
Thursday evening was intentionally left without assignment. 
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CLostnc Session. Frimay, JUNE 3p. 


The session of Friday morning was opened by the announce- 
ment, by the Secretary, of the death of Mr. Chas. E. Emery, 
of New York City, member of the Society, and past vice- 
president. 

It had been known that Mr. Emery had been taken ill quite 
recently with a form of heart failure, and his death oceurred on 
Wednesday, June Ist. Brief reference was made to the work 
which he had done in the field of steam engineering, particu- 
larly in investigating the effect of cylinder condensation, in 
connection with the late W. P. Trowbridge, at the close of the 
war, 1861-65, at the Novelty Iron Works, and later, his work in 
connection with the Centennial at Philadelphia in 1876. 

The president had directed a telegram to be sent to repre- 
sentative members of the Society in New York City, requesting 
them to form themselves into a committee and attend the funeral 
in a body. 

The following papers were presented at this session: By Mr. 
F. J. Cole, on “Bending Tests of Locomotive Stay Bolts ;” by 
Mr. J. E. Johnson, entitled “ Note on the Carbon Contents of 
Piston Rods ;” by Mr. C. H. Benjamin, on “ Experiments on 
Cast Iron Cylinders ;” two papers by Prof. R. C. Carpenter, 
one entitled “ Mechanical Properties of Certain Aluminium 
Alloys,” the other being in conjunction with Mr. P. J. Fick- 
inger, and entitled *‘ Method of Manufacture and Test of a New 
Seamless Tube.” The paper on stay bolts was discussed by 
Messrs. Otis, Henning, and Sweet, the paper by Mr. Johnson 
being diseussed by Messrs. Almond, Suplee, Henning, Souther, 
Sweet, Otis, and Robinson, and that by Mr. Benjamin by 
Messrs. Kent, Suplee, and Gray. 

Messrs. Souther, Suplee, Baker, and Almond discussed 
Professor Carpenter’s paper on aluminium alloys, while the last 
paper of the session, by Messrs. Carpenter and Fickinger, 
was discussed by Messrs. Souther, Henning, Baker, and 
Morgan. 

Professor Hutton—As a matter of business, Mr. Chairman, 
[ would like to call the attention of the meeting to Article 31 of 
our rules: 

“At the regular meeting preceding the Annual Meeting, a 
nominating committee of five members, not officers of the 
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The rest of the rule refers to the 
It would be in order, therefore, that 
some one should move that a nominating committee should be 


Society, shall be appointed.” 
duties of the committee. 


appointed by the president, under Article 31 of the rules. 
This motion being duly made and seconded, the president, 
after the adjournment, appointed the following committee : 


‘ While the meeting had been, in a sense, conducted by the 


members themselves and without incurring financial obligation, 
as has been said before, yet the hospitable intent of Niagara 
Falls and Buffalo, and the western part of the State, had not 
allowed the Society to escape from being the recipient of atten- 
tions and courtesies for which the Society desired to express 
its sense of recognition. 
prepared during the meeting, and presented in the name of a 
Committee on Resolutions by the Secretary, as follows : 


This was done in the form of a report 


The American Society of Mechanical Engineers, concluding 
its thirty-seventh convention, in the City of Niagara Falls, 
desires to put on record the satisfaction which it feels in the 
conduct of a meeting at which it has been possible to enjoy so 
much of pleasure without incurring at the same time a burden 
imposed by a sense of financial obligation to manufacturers and 
residents in the city which entertained them. It is impossible, 
however, in adjourning, to escape the sense of indebtedness to 
engineers and others, by whose courtesy the details of the 
meeting have been so admirably carried out, and whose atten- 
tion has given so much added enjoyment to a_ successful 
meeting. 

The Resolution Committee therefore begs leave to present 
the following resolutions, and asks that the Society will ratify 
its recommendations : 

Resolved, That the thanks of the American Society of Mechanical Engineers 
are due to the Hon. Arthur ©, Hastings, Mayor of Niagara Falls, for the cour- 
teous and kindly words of welcome with which he greeted the arrival of the 
Society in Niagara Falls. It was the opening note of a meeting which the So- 
ciety will long remember with pleasure. 

Resolved, That the American Society of Mechanical Engineers desires to ex- 
press to the Niagara Falls Power Company, to Dr. Coleman Sellers, and to Mr. 
W. A. Brackenridge, engineers of that company, its thanks for the opportunity 


NIAGARA FALLS MEETING. 511] 


which was given to it for the full inspection of the stupendous undertaking 
which that company has laid out. They recognize the magnitude of the problem 
on its financial and on its technical side, and will carry away with it an earnest 
appreciation of the talent, the thought, the knowledge, and the skill which have 
been brought to bear upon the solution of the unique and almost insuperable 
difficulties which have had to be met and overcome. 

Resolved, That in the visit which was permitted to the members of the Society 
at the Hydraulic Power and Manufacturing Company’s plant, the members of the 
American Society of Mechanical Engineers enjoyed the opportunity to study a 
problem so different in its character and method of attack from that which has 
been presented in other places and under different conditions. The Society 
recognizes the great opportunity for growth and Cevelopment which is offered 
where so great a quantity of water is available under such great heads, and will 
watch the outcome and the increasing development of the hydraulic motor under 
these exacting conditions, with growing appreciation, The members would like 
to include in this resolution their thanks to the Niagara Falls Paper Company, 
the Carborundum Company, and the firm of Dobbie Stuart Company, for the 
opportunity to visit their plant during their stay at Niagara Falls 

The members of the Society desire to express to the pro- 
prietor and management of the International Hotel their thanks 
and appreciation of the careful attention to detail, whereby their 
reception on the evening of Wednesday was made so pleasant a 
feature of their stay in Niagara Falls. It means much of saeri- 
fice to put the service and facilities of a great hostelry at the 
command of a group of visitors, and for the kindly and consid- 
erate way in which this was done, and for the attention which 
was paid to the visitors, the Society request that Mr. Samuel! 
Greenwool and those associated with him will accept their 
hearty thanks. 

It has been one of the most unique experiences of the Society 
in many years of successive conventions, to enjoy the oppor. 
tunity which was presented to them in the afternoon of Thurs- 
day, for the ride on the Gorge Road and the Canadian Electric 
Railway. They desire to thank the companies concerned, in 
extending this pleasure to the members, for their admirable 
arrangements, and to congratulate them on the skill and care 
which have been manifested in the location, planning, and con- 
struction of their difficult undertaking. The afternoon was most 
thoroughly enjoyed and the Convention asks that Messrs. 
Ricker, Brooks, and their associates will accept the thanks 
which is their due. The Indians should not be forgotten. 

Resolved, That the American Society of Mechanical Engineers, assembled 
in convention at Niagara Falls, desires to express to those corporations, firms, 
manufacturing establishments, and engineers in Buffalo who have extended 
to them the courtesies of an invitation to visit their establishments daring the 
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Niagara Falls visit, its hearty thanks for the same, even if the pleasure of 
other opportunities has made it impossible to accept all the chances that 
have been laid before them. They desire particularly to include in this list 
Messrs. Riter & Conley; Tonawanda [ron & Steel Co.; Brooks Locomotive Works ; 
Delaney Forge & Iron Co. ; Buffalo Forge Company; Holly Manufacturing Com 
pany ; Wagner Parlor Car Company ; Lake Erie Engineering Works ; Pratt & 
Letchworth Company ;-Buffalo Smelting Works ; Buffalo Bridge & Iron Works - 
Buffalo Railway Company. 

Resolved, That the American Society of Mechanical Engineers recognizes the 
interest in its convention which has been taken by Mr, Peter A. Porter and the 
management of the Cataract House in the success cf their convention. Members 
would thank these gentlemen for the use of a convention hall without charge, 
and for the arrangements of headquarters, for which they are indebted to their 
care. 

As soon as the Engineer’s Society of Western New York 
learned that the American Society of Mechanical Engineers was 
planning a convention at Niagara Falls, they appointed a com- 
mittee of codperation, who should attend to the arrangements 
necessary for such a convention. Of this committee Mr. W. C. 
Johnson, engineer of the Niagara Falls Hydraulic Power «& 
Manufacturing Company, has been chairman. The Society 
desires to express to this executive committee, and to its chair- 
man in particular, its cordial appreciation and thanks for all 
that they have been instrumental in securing for the Society. 
The difficult burden of previous arrangement has been borne by 
this committee and its chairman with great skill and ability. 
This resolution is to convey, in a faint and unsatisfactory way, 
the recognition which the Society feels for that work. 

The precedent has not been established as yet in the Society 
of Mechanical Engineers that the official meetings of the Society 
permit its lady guests to have the opportunity of saying what 
they would like to say, when they also have been included in 
the affectionate thought and interest of those in charge of a con- 
vention. It must be left, therefore, to those who are mere men 
to make themselves the mouthpiece for the expression of the 
thanks of the ladies for the courtesies which have been uninter- 
mitted during their stay in Niagara Falls. They ask that the 
committee of ladies who were in charge of the entertainment 
at the Three Sisters, and who have in so many other and 
almost unnoticed ways secured the comfort and pleasure of 
their visitors, will understand that this is a failure in the way 
of an attempt to express what the ladies would say of appre- 
ciation for the work of this committee. 
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These resolutions being duly seconded, and carried with 
acclamation, the motion to adjourn, being duly presented, was 
earried. The president gave the usual notice that the annual 
meeting was to be expected in New York City, beginning No- 
vember 29th, and that the Council had given favorable consider- 
ation to a suggestion that they should select the city of Cincin- 
nati, Ohio, for the spring convention of 1899. 

The meeting then adjourned. 

Friday afternoon was allotted to visits by individuals to points 
of interest in Buffalo. The weather during the meeting was 
perfection, and the manifold attractions of Niagara Falls were 
much appreciated by everybody. 
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GRAPHIC DIAGRAMS AND GLYPTIC MODELS. 


BY WH. THURSTON, ITHACA, N.Y. 


Member of the Society and Past President.) 


GRAPHICAL representations of relations of quantity are often 
employed by the draughtsman, the lecturer on physical science 
or engineering, and in scientific bookmaking, usually adopting 
a diagram of two dimensions. . Glyptic methods of representa- 
tion have been rarely used, except in such relief-models, from 
time to time, as particularly important geological work ocea- 
sionally illustrates. The former class exemplifies the art of the 
geometrician applied to special purposes; the latter similarly 
applies the art of the sculptor to the reproduction of forms of a 
radically different sort. 

The graphie representation of the relations of two variable 
quantities by the construction of a diagram having two rect- 
angular co-ordinates, is as old, at least, as Aristotle. That great 
philosopher of Greece, over two thousand years ago, employed 
this system in his illustrations of the principles of economics 
and his doctrine of “reciprocation” of exchanges in commerce, 
by equivalence of current valuations. His case of the shoemaker 
and the builder is perhaps most familiar.t Ile places the pro- 
ducers and their products, between which exchanges are to be 
effected, at the four corners of a rectangle, and diagonal lines 
indicate the paths of transfer in exchange of the house of the 
builder for the shoes of the shoemaker and of the ons product to 
the producer of the other, and thus exhibits “the acts of— 
mutual giving in due proportion.” Watt's indicator diagram 
is a curve in which the ordinates are the total steam-pressures 
and the abscissas the corresponding, simultaneous motions of 
the piston of the engine, both on conveniently chosen seales, 


* Presented at the Niagara Falls meeting (June, 1898), of the American — 
Society of Mechanical Engineers, and forming part of Vol. XIX. of the 7rans 
actions. 
+ Aristotle’s Ethics, chap. 6. 


| 
= 


GRAPHIC DIAGRAMS AND GLYPTIC MODELS, 515 


while the enclosed area is a measure of the net work per- 
formed in the engine during the stroke represented. The laws 
of variation of pressure with piston movement in each of the 
several periods into which the cycle is divisible are thus graphi- 
eally represented, and the equations of the several corresponding 
lines are the algebraic expressions of those laws. Watt em- 
ployed the first of these measurements in the determination of 
power and in the revelation of the method of steam-distribution, 
and Clapeyron * used the same device in his discussion of the 
newly revealed processes of thermodynamics, as understood in 


his time. Morin’s use of the “stress-strain diagram,” now so 
familiar to all students of the mechanics of engineering and of 
the characteristics of the materials of construction, makes visible 
the law of relation of stress to strain, and enables us to detect, 
easily and with comparative exactness and certainty, the point 
at which the so-called elastic limit is found, the point at which 
the strain produced by any applied force becomes mainly per- 
manent, and beyond which every added strain becomes a per- 
manent distortion. Here the stresses are exhibited by the 
ordinates and the strains by the abscissas, making it easy to 
devise, as was, perhaps, first done by the writer,+ systems of auto- 
matic and autographic registration of such curves which give 
the complete history of such strains as are produced, and of the 
producing stresses, from the beginning to the end of the process 
of distortion and fracture; or which, revealing the exact posi- 
tion of the elastic limit, may permit, as was years ago suggested 
by the writer,} the use of a member of any iron or steel 
structure after a test which determines as certainly as would 
actual fracture, the reliability of the piece in the place in the strue- 
ture for which it is made. The electrician and the electrical 
engineer both employ the “characteristic” curves of electro- 
dynamic machines in their investigations of the adaptability of 
these machines to their purposes, or of the required adaptations 
of the motor or the system of application of the current to the 
exact attainment of the conditions of maximum efficiency in their 


* Tait’s History of Thermodynamics ; Thurston's Translation of Carnot. 
+ Transactions, Am. 8. C. E., ‘‘ Note on Resistance of Materials,” Novy. 19, 
1873, vol. ii., p. 290; vol. iii., Feb. 4, 1874; Jdid., 1880, vol. ix., No. exci., 
* Materials of Engineering,” vol. ii., chap. 10. 

+ Ihidem, vol. ii., 1874; Tbid., 1878, “* A New Method of Detecting Overstrain, 
ete.” ; ‘Materials of Engineering,” vol. ii., chaps. 9 and 10. 
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use. Allthese methods of representation of phenomena involve 
but two variables, and may be made to produce plane curves 
and may usually be more or less completely covered by equa- 
tions involving two variables. 

The results of a series of observations of such relation between 
any two variable quantities being entered upon a chart, by care- 
ful adjustment to their co-ordinates, the series of points upon 
the plane, thus obtained, fall naturally as closely into line, and 
lie as exactly on the curve representative of the law of their 
relative dimensions, as the skill of the investigator or the aceu- 
racy of his instruments may permit. Checking the observations 


in such manner as to correct errors, as far as practicable, the eve 
instantly discovers, in the usual case, the trend and location of 
the curve, and its locus gives the equation; which is the mathe- 
matical expression of a law of nature. If, as is often the case, 
its mathematical form is already known, or dedueed from funda- 
mental considerations, the constants become derivable, and the 
law is determined with precision. Many illustrations oceur in 
papers communicated to technical societies of every kind, and- 
none more beautifully illustrates the method than those of the 
associations of engineers. Even the engineer's graphical log” 
of a steam-boiler trial is an illustration of this most fruitful 
of processes of representation. In all, a continuous process, 
guided by natural laws, is traced by a series of discontinuous: 
observations, and these, in turn, being represented by points. 
on a diagram, determine the loeus of a curve which is then 
the exact graphical statement of the resultant effeet of the— 
laws thus operating, and is a continuous record of a continuous 
process. 

It often happens that the character of the curve thus to be 
recorded is known. In such case, the identification of a single 
point, as the result of a single observation, perhaps, determines: 
the locus of the whole curve. Thus, to-day, by a single steam- 
engine trial, we may determine the internal wastes of the engine 
and may lay down a curve by which to exhibit its economical 
performance over a wide range of conditions, and may even. 
identify that adjustment which is on the whole most economical. 
The law is known, as is its algebraic representation, and the ob- 
servation enables us to introduce that constant quantity which 
locates the path of which the general characteristics and method 
of curvature are given. — 
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Each observation, in such cases, may also serve to check the 
accuracy of the whole work. A series of points being estab- 
lished as the outcome of such observations, they will always be 
found to exhibit some irregularity due to the imperfections of 
human methods and faculties. But, taking a mean path amongst 
the points laid down and plotting the curve and, thus detecting 
and throwing out unreliable observations, we may secure an 
equation of the true law of variation. 

Cases involving three variables may be represented by the 
institution of three co-ordinates and by referring to them their 
curves, or by surfaces in three dimensions, and are illustrated 
by a “Glyptie System,” as the writer calls it, which is exhibited 
best in the various “ relief-models” so profitably employed in 
the topographical work of the geodecist and the state engineer. 
A glance at the relief-model of the Alps, or the great model of 
the surface of the North American continent made by the United 
States Coast Survey, gives a better idea of the topography of 
the country represented, and permits more satisfactory measure- 
ment, than can possibly be secured in any less concrete method 
of deseription or representation. Relief-models have been but 
rarely employed in other departments of engineering work, but 
an illustration of their potentialities in new fields may be seen 
in the relief-model employed by the writer to exhibit the varia- 
tion of the strengths of the alloys of copper, tin and zine, in 
their infinite binary and ternary combinations.* As illustrating 
the system to which it is desired here to call attention, it will 
not be out of place to give here an engraving and deseription of 
this, so far as the writer is aware, earliest of applications of this 
method to such purposes as are here considered; although this 
iustanee is already tolerably familiar to engineers and physicists 
venerally. The problem proposed for solution was the follow- 
ing:+ 


To det pmine the useful properties of all the number of 
possible combinations of the three metals in t alloys of 


copper, zine, and tin. 


* Proceedings American Association for Advancement of Science, 1877, °° New 
Method of Planning Researches, ete.” ; 7ransactions Am. 8. C. E., 1881, No. exiv.. 
‘Materials of Engineering,” vol. iii., chap. 11; Journal, Franklin Institute, 1884. 
teport of the United States Board appointed to Test Iron, Steel and other 
Metals.” R. H. Thurston, Secretary, Editor. Washington; Government Printing 
Office, 1875-8, 
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The properties of the binary combinations of tin and zine, 
and those of the compounds of copper with tin and of copper 
with zine presented no special difficulties. Their various pro-- 
portions and the corresponding moduli of strength and elas- 
ticity; their densities, resiliences, liability to liquation and 
unsoundness when cast, and any other valuable or objectionable 
qualities, were easily determined in proper sequence and, the 
results for each series of alloys being plotted, the law of varia- 
tion of either property with varying composition, and the max- 
imum or minimum for the whole range and infinite variety of 
composition, could be readily exhibited, or, if unknown, dis- 
covered by the inspection of plane curves thus formed. Such 
results were, in fact, obtained.* 

The strongest possible alloy of each pair of elements was thus” 
discovered and announced by the writer, and these researches: 
were fruitful and satisfactory in all ways. It was found that, for 
the purposes of the constructing engineer, an alloy closely related - 
to“ Muntz metal,” exhibited the best combination possible of 
copper and zine, having the best possible combination of strength, 
ductility, and elasticity. The best copper-tin alloy, similarly, 
is very closely allied to gun bronze; while both alloys are 
strengthened still further—but at the expense in higher degree 
of their ductility—by the reduction, by a small amount, of their 
contents of copper, producing, for example, bell and speculum 
metals in the case of the copper-tin alloys. These facts are 
illustrated on the relief-model to be now described, and can be 
seen by studying the contour lines of the two lofty sides of the 
part richest in copper, which part is seen to contain all the 
strong alloys. 

The principle adopted was the following : + 

In any triangle, as at A, Fig. 126, let fall perpendicular supon 
the three equal sides. The area of the whole triangle 72, C, D, 
is measured by the product of the altitude, (’, by one-half the 
base, BY). Draw lines, AP, AC, AD, to the vertices of the 
triangle, thus forming three smaller triangles, the sum of which 
equals, in area, the original triangle. We now have: ('E x 4 
BD= AF x4 BD + AG x4 BC + All x 4 CD; or, the sides 
of the triangle being equal, CK x} BD =(AF + AG + All\3 


BD. Hence, AF + AG + AH = CE. 


* Ibidem. Also *‘ Materials of Engineering,” vol. iii., chaps. 9 and 10.. 
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But the area of the whole triangle may be conceived to repre- 
sent a ternary alloy composed of the three components in pro- 
portions represented by the areas of the three several small 


Fie, ALLOYS. 


triangles which together make up its total area. But these 
smaller triangles have areas proportional to their altitudes, AF, 
AG, All; the proportions in which the three metals are com- 
bined to form the given triple alloy may, therefore, be measured 
by the ratio of their representative triangles to the whole tri- 
angle in area and in altitude. Dividing the height of the large 
triangle into one hundred equal parts, the altitudes of the small 
triangles, measured in the same units, will represent the per- 
centages of the three elements in the given alloy. 

Every point in the triangle thus represents some certain 
ternary alloy; there is no possible alloy which has not its repre- 
sentative point in our triangle. We have before us a field which 
exactly defines our research, and may attempt its exploration 
with a clear understanding of what is to be done. “Its topo- 
graphy may be studied as systematically and completely as that 
of any other territory of which the exact boundaries have been 
determined and marked out.” 

The results of such an investigation as is finally proposed can 
now be exhibited by a relief-model, on which the compositions 
of all ternary alloys can be represented by the location of cor- 
responding points on a base-plane; while the property to be 
studied as to its method of variation with composition may be 
represented by ordinates raised upon that plane thus:— Fig. 
127.) 

Lay out a triangle, as above described, upon a surface of sheet 
metal. At selected points at which determinations have been 
made, erect wires of which the lengths have been made care- 
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fully proportional to the ordinates of the representative surface 
at those points, screwing them firmly, or otherwise fixing them, 


in their places. When all the wires are in place and are found 
to be of the exact length required, place bits of board along the 
outside, to form the boundaries of the triangle, and pour in 
plaster of Paris until the wires are all covered. When the 


plaster has set, remove the boards and carefully cut away the 


Fic. 127.—A RELIEF-MoDEL oF THE “ Kae HOIDs 
plaster, working carefully down to the tops of the wires, just 
exposing their points. The surface thus produced is a model of 
the strength, or other quality represented, of all these alloys. 
This can be cast in bronze, or, as in the actual case described 
here, in the alloy of maximum value, and a handsome, durable, — 
and instructive relief-model thus formed, the maximum ordinate | 
of which discovers the strongest alloy that can be made of the 
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three elements studied. It was thus that what the writer has 
called the “maximum alloys” were discovered and fully identi- 
tied by repeated investigations, among all the infinite possible 
* kalehoids,” or brass-like alloys, obtainable by combining cop- 
per, tin and zine. The strongest copper-tin-zine alloy exhibits 
no liquation; its composition being about (Cw 0.55, Zn 0.48, Sn 
0.2, or neglecting the zine, substantially that of Muntz metal. 
The next best alloy was taken as Cu 0.55, Zn 0.445, Sn, 0.005; 
this having less strength but more ductility, the whole field 
covered by the range, copper 50 to 60 per cent., zine 48 to 38 
per cent., tin 0 to 0.5 per cent., embraces the most remarkable of 
these “ kalehoids.” It includes Tobin's alloy, a chemical com- 
bination, having the composition, (wv 55.22, Zn 39.48, Nn 
02.30. Repeated investigations with carefully selected and 
pure metals, using phosphor-tin to insure soundness by perfect 
fluxing, indentified, as ‘*the strongest of the bronzes,” Cu 57, 
Zu 42, Su 1; while the substitution of 1 per cent. of copper 
by 1 of tin, Cu 56, Zn 42, Su 2. Tin should never, probably, 
for constructive purposes, exceed 2.5 per cent., and zine should 
be kept inside 45 per cent.* This method of investigation thus 
discovered, as no other method could, the precise character of 
the whole range of compositions, and revealed, as none other 
could have done, the existence and the exact location of the 
alloy of maximum value. The best alloy, thus discovered, if 
exactly proportioned, well melted, perfectly fluxed, and so formed 
as to produce sound and pure metallic alloys, with such prompt 
cooling as shall prevent liquation, is “the strongest bronze that 
man can make.” 

It is a close-grained alloy, of rich color, tine surface, and takes 
a good polish. It oxidizes with difficulty, and the surface then 
takes on a pleasant shade of statuary bronze green. It has con- 
siderable hardness, but moderate ductility, though tough and 
duetile enough for most purposes ; it will forge if handled skill- 
fully and carefully, and not too long or too highly heated; has 
immense strength, and is well adapted for general use as a work- 
ing quality of bronze. In composition, it is seen to be a brass, 
with a small dose of tin. The alloy made for purposes demand- 
ing toughness as well as strength contains less tin than the 


* Investigation locating the ‘‘ Strongest of the Bronzes Journal, Franklin 
Institute, February, 1883. = 
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above composition: Cu 55, Sn 0.5, Zn 44.5. It has a tenacity of 
70,000 pounds per square inch (4,850 kilogrammes per square 
centimetre) of original section, and 90,000 pounds (6,450 kilo- 
grammes) on fractured area, and elongates 47 to 51 per cent., 
with a reduction to from 69 to 73 per cent. of its original 
diameter. This alloy is homogeneous, the fractured surface is 
in color pinkish-yellow, and dotted with minute crystals of alloy 
produced by cooling too slowly. The shavings produced by the 


turning tool curl closely, like those of good iron, and are tough 
and strong. These alloys, including the “Tobin Alloy,” are good 
working metals, usually being capable of great improvement by 
skillful working, either hot or cold, and thus of obtaining a ten- 
acity of over 100,000 pounds per square inch (7,311 kilogrammes 
per square centimetre).* They are generally of a rich golden or 
reddish yellow color, and make beautiful castings. 

- The above description of this application of such graphical 
and glyptie processes will serve to show how readily it permits 


5 


the solution of important problems and the discovery of other- 
wise obscure facts, and often in cases which probably no other 


and for which we must rely entirely on experiment. In further 
illustration, it is now proposed to exhibit other hitherto un- 
known results of previously unpractised applications of this 
system. 

The study of the steam-engine presents many such problems, 
and Clapeyron, in his utilization of the Watt diagram, and 
Carnot, long before, in his discussion of the “ motive power of 
heat,” the text for the work of Clapeyron, enunciated a number 

of them.t Two-dimension curves have been hitherto employed 
only, and only such problems as are capable of solution by 
_ plane curves have been usually treated. One of the latest appli- 
- eations of this plan has been that adopted by the writer in 

exhibiting the method of variation of steam-jacket efliciency 
in special cases. 
It is well-known that the value of the steam-jacket is not due 
to any inherent economical quality of the jacket itself, but to 
* Ibidem. 
+ ‘* Reflections on the Motive Power of Heat.” Translation, R. H. Thurston, 
New York: J. Wiley & Sons. 1890. 
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the fact that, though a wasteful device, intrinsically it has the 
valuable and economical property of, in many cases, counteract- 
ing another and usually greater waste, that by internal transfer 
of heat without transformation and performance of work. This 
is easily shown by computing the efficiency of the engine, in the 
ideal case, no wastes by conduction or radiation occurring, for 
both the jacketed and the unjacketed engine. The results of 
such a computation are graphically exhibited in the accompany- 
ing curves (Fig. 128), Rankine’s assumptions being taken for 
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both cases, the steam-pressure being 115 pounds absolute, and 
expansion ranging from r=1 to r= 20, back pressure taken 
at 4 pounds on the square inch.* It is seen, in this case, that a 
reduction of efficiency by about 1 per cent., instead of a gain, 
as commonly noted in practice, follows the use of the jacket. 
The ideal, unjacketed, condensing-engine gives an efficiency of 
12.5 per cent., or 20 pounds of steam per horse-power per hour 
at 7 = 4, and of 16.5 per cent., or 15 pounds at + = 20; while the 
corresponding figures for the jacketed engine are 11.5 per cent., 
and 21 pounds and 15.3 per cent., and 16 pounds ; and computa- 


Part I., pp. 640. New York: J. Wiley & 


* Manual of t 


he 
Sons. 1892, | 


Steam-Engine. 


eer 
| 


RAMS 


AND GLYPTIC MODELS. 


524 GRAPHIC DIAG 
tions made in this manner will be found invariably to prove that 
the loss due the jacket increases constantly with rising pressures 
and with increasing expansion. 

The case is quite different with the real engine, in which in- 
ternal and external wastes occur unavoidably, and often in large 
quantity. Here, the jacket, by checking these wastes often 
very greatly, within the engine—though always exaggerating 
them somewhat externally—gives a net reduction of total wastes. 
and causes, under favorable circumstances, sensible, and often 
great, increase of thermal efficiency. This gain is found to have 
& maximum, probably, as the writer has elsewhere pointed out, 
somewhere between the values of r == 1, at where internal engine- 
waste is a minimum, and += 8, when jacket-waste is a maxi- 
mum, and this maximum, for certain cases, is found not far from 
those ratios of expansion which give maximum economy in the 
operation of the engine. Thus, the study of the work of the 
“ Research Committee ” of the British Institution of Mechanical 
Engineers enables us to construct curves like that given here- 
with (Fig. 129), in which the point of maximum effectiveness of 
jacket is seen to be in all cases identified as to location with 
great accuracy. The diagram exhibits the action of simple 
condensing and non-condensing engines, with steam at (1) 110, 
(2) 90, and (3) 65 pounds pressure. 

In the case of the simple non-condensing engine, the use of 
the jacket reduced the cylinder-wastes from about 25 per cent. 
of the ideal consumption of steam and feed water to about half 
that proportion, for ratios of expansion approximating 6; from 
one-third to about one-tenth, at a ratio of 5; and apparently from 
20 to 10 per cent. at 4.4. The jacket gives best results, with 110 
pounds of steam, when the ratio of expansion approximates 6, 
When the steam pressure falls to approximately 50 pounds, the 
best work of the jacket occurs at a ratio not far from 4.75; 
while, at the pressure of 50 pounds, the value of the jacket in- 
creases through the whole range of the experiments, and not 
only so, but the curve assumes a rectilinear form, indicative of 
probable improvement indefinitely in the direction of increasing 
expansion. The highest efficiencies, however, either with or 
without the jacket, are found, in this case, at the lowest ratios 
adopted, and indicate a maximum value at about 3.25. The 
ratios of expansion for maximum efficiency of fluid, are, for | 10 


sd, vk pounds, about 5, and for 80 pounds, about 3.5. 7 
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Similarly the condensing engine, for the best work done, 
whether jacketed or not, is at about a ratio of expansion of 10 
(at a steam-pressure of 110 pounds); but the jacketed engine re- 
duces the internal wastes from 59 per cent. at highest ratios. 
and from one-fourth at the lowest ratios, in the case of the un- 
jacketed engine, to 5 per cent., and in some cases, probably to 
within the magnitude of the errors of observation. At a pres- 
sure of 90 pounds, the best ratio for this engine, under the 
actual conditions of its operation, is about 6.5 when unjacketed, 
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Fic. 129.—SimpLE ENGINES, STEAM 110, 90, 65 PowUNDs. 


and 8.5 jacketed, while the lower pressures still further iailaien 
both the efficiencies and the effectiveness of action of the 
jacket. 

The compound engine studied was operated at too low a pres- 
sure to bring out the best effect of compounding, but exhibits 
the same general effects noted in the cases of working of simple 
engines. The effect of the jacket is less pronounced than in the 
simple engine, and the efficiencies of fluid vary less with varia- 
tion of the ratios of expansion. It gives best results at ratios of 
expansion ranging from 7.5 to 10.5, the variations of the value 
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being very much more observable in the case in which both 
jackets are in use, than in either of the others, and least when 
only the high-pressure jacket was employed. By far the best 
work was done by the engine when both jackets were in use. 
This discovery of a maximum efticiency of jacket may throw 
some light upon the causes of the conflicting and sometimes ap- 
parently irreconcilable results of trials of engines with and 
without jackets, and with jackets variously constructed. The 
discovery may also prove of value to the designer, as aiding him 
in securing the best proportions and arrangement of his engine.* 
~The measure of the value of the jacket may be taken as the 
ratio of heat supplied, as measured by the weight and cost of 
water drained cut of the jacket, to the gain by reduction of 
total heat-supply, as measured by the reduction in quantity of 
heat or of feed water, or of the steam sent to the engine from the 
boiler, and the cost of the latter. Its economic value increases 
or diminishes as the excess of gain over loss increases, and in 
rapid ratio. 
tesults similar to the above may be obtained by the designer 
for a proposed engine, by computing the ideal case, adding the 
expected wastes for a number of adjustments of engine to its 
work, approximating that anticipated to be on the whole best, 
constructing curves like those just described as obtained from 
the actual case, and thus identifying the set of conditions likely 
to give best results. This is now a familiar method, and need 
not be further described here.t The results of such computa- 
tions are illustrated in the next plate, in which the case of a 
compound engine, worked condensing and non-condensing, is 
taken and efficiencies of the ideal engine are compared with 
those of the real engine, steam-pressure 250 pounds, back pres- 
sures 5 and 20 pounds, respectively, expansions from 10 to 50 
and from 5 to 20. The ideal case is computed by Rankine’s 
-methods.t The real case is that in which the engine is of such 
size and proportions as to be subject to wastes in similar pro- 
portion to those observed in the Sandy Hook experiments com- 
monly taken by the writer as representative of the performance 


* Manual of the Steam-Engine. Part 1., art. 156, p. 648. Also Journal Frank- 
lin Institute, April, 1891, ‘On a Maximum Steam Jacket Efficiency.” 
+ Manual of the Steam-Engine. Part 1., art. 155, pp. 686-647. Also, Trans- 
actions, Am. S. M. E., No. ceeeli., Vol. xii., 1#91. 
t Rankine’s Prime Movers. Pp. 375-411. Le 
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of engines of 200 or 300 horse-power, for unjacketed simple 
engines, and three-fourths this proportion when jacketed and 
one-half the latter quantity when compounded.* The evapora- 
tion is taken at 9 pounds water per pound of fuel, for 104° Fahr., 
for the condensing and 10 from 20°° Fahr., for the non-condens- 
ing engine. 

The plate | Fig. 150) gives not only the computed figures, but the 
construction of curves, as shown here, with these scattered data 
determining their loci, and gives beautifully the means of finding 
maxima and minima—the most important advantage of this 
system of record by graphic and by glyptic constructions. With 
data as above stated and assuming an efficiency of machine of 
92.5 and of 90 per cent., respectively, for the non-condensing and 
the condensing engine, the following values can be read from 
the curves :t 

COMPOUND JACKETED ENGINE. 


Pi = 250; ps = 5 and 16; ¢ variable. 


Non-CoNnDENSING, CONDENSING. 
Case. 
Ideal, Real. Ideal, Real, 
r for Maximum Efficiciency........ 11 8.5 32 17 
11 8.5 32 
‘6 13 9.5 38 21 
‘Water por per 12 14.75 8.5 12 
Fuel per D. P..... 1.5 1.8 1.3 baa 


It will be seen that the effect of the introduction of wastes is 
to reduce greatly the ratio of expansion giving maximum eftici- 
ency, and to make variations from that ratio of maximum effi- 

ciency more seriously productive of loss, while at the same 
time making the differences between the several cases less in 
the real than in the ideal engine. The last given figures for + 
have no other than speculative interest, as the only important 
question is at what ratio will the least heat be demanded from 
the fuel? The better the conditions of construction and opera- 
tion of the engine, and the less the difference between the two 
sets of cases, the nearer will the value of the ratio of maximum 


* Manual of the Steam-Engine. Thurston, Part I., pp. 642-647. 
+ Ibidem, Also, Transactions, Am, 8. M. F.,*Vol. xii., 1891, No. cecexlvii. 
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_ proach a common value—that for the ideal case. 


Mr. H. F. W. Burstall, M.A., has designed an ingenious 
convenient model (Fig. 131), exhibiting the relations of pressure, 


efficiency and minimum expenditure of steam and of fuel 


ap- 


and 
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volume and temperature for one pound of steam, in which the 
various surfaces formed by pairs of co-ordinates are represented 
by cords and a frame carrying another set of stretched cords is 
made to traverse the system, constantly parallel with itself, 
thus giving a plane at any desired point, avd identifying the 
yarticular set of conditions to be examined, and the values of 


the defining measures. This very ad:nirable device is shown in 
the accompanying figure, as made for Sibley College, on the 
order of the writer, recently, by Mr. Hicks. The moveable 
frame is counterbalanced, so that it may be readily moved and 
placed at any desired position. In the figure, it is shown as set 
a few inches above the base of the model, which is made for one 
pound of steam. Volumes are measured vertically, as shown by 
the series of cords of which the uppermost terminals form a 
parabolic outline as they stretch from the nearer side of the 
base of the apparatus to the connections with the corresponding — 
vertical cords on the further side. On the base are inseribed 
seales of temperature and of pressure, absolute, and the volume 


measures are given upon the corner-posts. The scale at right 


angles with the temperature-seale is that of entropy. The areas 
enclosed in the figure marked out upon the base measure en- 
tropy-temperature, or heat-energy, in British thermal units. . 

Prof. W. F. Durand has adopted a very interesting glyptic 


system of representation of the thermodynamic properties of | 
steam, the model for which is seen in Fig. 132. This gives a 
continuous, glyptic, history of the mutual relations between the 
three characteristic quantities of the substance, pressure, volume 
and temperature, and for /7, / in every state from that of a 
mixture of steam and water, through the definite stage, satur- 
ated steam, to the condition of superheated steam. The co- 
ordinates measuring pressure and volume are here taken in the 


horizontal plane and temperature in the vertical direction. 
The surface exhibiting the p, 7, ¢ relations of steam and water 


is cylindrical, its section being uniform in planes parallel to — 
p.f, and its axis lying in the direction of the axis of volume. 
Its equation Is: 
or ¢ ( ps, 

which function is that expressing the relations between pressure: 
and temperature for saturated steam. 

For saturated steam, the locus is a line on the cylinder 
above described, which is defined by a value of + equal, at each 
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value of p or ¢, to the volume of unity of weight of saturated 
steam under these conditions. 
The superheated-steam figure is taken as represented by the 
equation 
pv=855 7, 


pv = 0.5937 7, 
the one or the other of these expressions being adopted, accord- 


Fie, 152.—STEAM GeNERATION MODEL. 


ingly as the pressure is measured in pounds on the square foot 
or in pounds on the square inch. 

The two surfaces illustrated on the model for the two eases 
above deseribed do not interseet each other sharply and with 
the production of a defined angle; but, as the intermediate eon- 
dition is approached, gradually become blended, in accordance 
with the well-known experimentally determined facts of the 
case. Neither the one or the other of the two surfaces exactly 
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existence of a well-defined point of maximum economy of heat 
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represents the condition of the fluid as shown by experiment to 
exist when the substance is changing from the saturated to the 


superheated condition; and it is also the fact that the higher 


the temperatures and pressures, the broader the space marking 


the transition period. At low temperatures and pressures, as 


we near the freezing point, saturated vapor is considered a gas 


by Rankine and other writers, a condition Which can only be at- 


tained at high-pressures by considerably superheating it. Thus, 


between the two main surfaces Hes an intermediate portion, con- 


stituting a fillet of insensible dimensions at low pressures and 
becoming very observable at high pressures, where the super- 
heating must be made some 15 degrees or more to produce gasi- 
fication. 

The model here shown is constructed for temperatures up to 
360 degrees Fahr., for pressures up to 153 pounds per square 
inch, and for volumes limited to 22 ecubie feet. The units em- 
ployed are, in this example, those of the Fahrenheit scale of 
temperature, volumes in cubic feet, and pounds on the square 
inch. 

Horizontal sections on this model give the isothermal curves 
for the whole range, from the condition of water, through the 
various proportions of water and steam, up to the condition of 
superheated steam at the limit of the seale adopted. Vertical 
sections, parallel to » ¢, give continuous histories of the rela- 
tion between pressures and temperatures for constant volume. 
Vertical sections, parallel to v f, give continuous measures of 
the relation between volume and temperature at constant pres- 
sure. 

Adiabatic lines are spacescurves, here running obliquely 
downward toward increasing volume, and those of appropriate 
location cross the intermediate condition, from the one surface 
to the other, illustrating the fact first brought out by Rankine 
and by Clausius, of condensation of dry or superheated steam 
with adiabatic expansion. 

The accompanying diagram, Fig. 133, represents the varying 
efficiencies of an “automatic” steam-engine, making 280 revolu- 
tions per minute, and with an ordinarily good steam-distribu- 


- tion, the constants in the equations of the curves employed 


having been determined by a careful trial of the engine, and 
thus made practically exact for such an engine. The fact of the 
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and steam and fuel is well brought out by the diagram. The 
table which follows shows what variations may be expected as 
consequent upon varying steam-pressures, and further shows 
clearly, though not with precision, the existence of a similar 
point of maximum economy for every pressure, which point, 
however, is found at a higher ratio of expansion as pressures 
rise, as is in any case obvious. In the formula for computation 
of internal wastes of heat and steam, « is in this instance very 
nearly 4, as in the Sandy Hook experiments.* The mechanical 
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NON-CONDENSING. THURSTON 


FIG. 1333. 


efliciency of the engine is 0.85; which is lower than it should be, 
although it is measured at a comparatively high ratio of expan- 
sion, and thus made to appear larger than under more usual 
conditions. External heat-losses amount to about 0.5 British 
Thermal Units per square foot of exterior surfaces, per degree 
range of temperature above atmospheric, 100 degrees Fahr. The 
engine is non-condensing and demands about |W = 250 vp, 
pounds of steam per indicated horse-power per hour, at best cut- 
offs. The best ratio of expansion is not far from + = 0.5Vp,. For 
best commercial results, about two-thirds this ratio is usually 
better. 


Manual of the Steam Engine, vol. i., art. 137, ef seg. W =a d-Vrn; d—=diame- 


ter cylinder ; r = ratio expansion ; n = revolutions per second. v’ B/iee 
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EFFICIENCIES OF NON-CoNDENSING En@ines.*—[R. H. Tuurston. } 


= 2 =i Sa, 
& = & = = =i 
= = = 3 Ss. ~ 
= = Ski = =z = 
2 = = coke = 
o = = = = = = 


16 75} 3.22) 463.7, 3.100 75.85.1.234 19.56:3.30 22.86 38.71 45.54 

= 8 | + | 75 | 7.08 1,020 6.42 15.32) .87287:13.371.50 14.938 30.25 35.58 
4 79 (15.55 2,289 11.77 16.72) .61720 10.32 .847 11.167 27.887 32.80 
2.7 75 24.29 8,498 (14.97 18.48) .50710 9.88 10.546 30.026 85.32 
2 4 7D |34.15 4,918 (17.85 27.44 .43650 9.71) .555 10.265 32.51 38 24 
1.65 75 |44.00 6,386 (19.90 (24.76) .3900 9.66 .502 10.162 34.92 41.08 


.97| 1,292 9.31 13.21) .87287)11.53) .969 12.499 25.7 


588 | 4.838 712.741.2384 15.73 1.663 17.393 30.138 35.45 
| 8 1 0. 24 


ts 
8 | 4 | 9 2 5 

95 119.70; 2,887 (15.97 15.42 .61720 9.09) .966 9.656 25.076 29.50 
2.7 & | 95 (80.77) 4,431 |20.58 17.72) .50710, 8.99, .428 9.418 27.14 31.93 
2 | | 95 143.26, 6,229 (24.20 20.34) .48650) 8.88 .375 9.255 29.595 34.81 
1.6) & | 95 |55.72) 8,024 (26.62 23.121) .8900 | 9.02) .383, 9.353,.32.46 38.19 


| 

16 | | 4.94 711.8 6.18 727.971.2384 |14.701.860 16.06027.97 32.91 

8 4 115 |10.86 1,564 (11.62 12.68) -.87287)11.07 .755 11.825 24.55 28.82 

4 115 (23.84 3,433 19.68 14.97, .61720) 9.24. 9.655 26.48 28.97 
2.7) 115 (87.25) 5,364 (25.28 17.35) .50710} 8.80) .331, 9.131 28.836 31.15 > 

2 | 115 152.36 7,540 29.64 79.88) .48650! 8.68) .276 8.956 30.00 33.92 

1.6 115 67.46 9,714 32.60 22.60 .3900 | 8.82) .251| 9.071 37.67 37.26 
16 js | 5.8 835.6 7.534 71.38 1.2384 |14.051.043 15.093 26.473 31.14 
8 + (185 (12.75 1,886 (18.91 12.32, .87287/10.75, .504)11.314 23.68 27.80 

4 135 27.99 4,081 23.37 714.67, .61720) 9.05, .344 9.394 24.06 28.30 

2.7 185 |48.73 6,297 (30.00 16.96 .50710| 8.60) .263) 8.863 25.82 30.33 

2 4 135 61.47 8,852 (35.00 19.54 .43650) 8.53) .216 8.756 28.29 3.3.28 

1.6 (185 |79.1911,403 (38.50 22.25 .8900 | 8.68) .208) 8.888.317.1383 36.62 


16 |155 | 6.66 959.4, 8.89 10.981.284 |18.55) .886:14.336 25.36 28.84 
8 155 14.63 2,106 [16.20 12.05 .87287|10.52| .462 10.98227.03 27.09 
4 (155 (82.14 4,628 (27.00 14.41 .61720| 8.89) .274 9.164'29.57 |27.73 
2.7 § 155 50.2 | 7,223 (34.58 16.72 .50710) 8.48) .218) 8.693\25.47 29.89 
2 $ 155 70.5810,163 40.50 19.28 .43650) 8.41, .182 8.592 27.87 32.74 
1.6 155 90.9213,092 (44.48 27.95 .3900 | 8.57) .164| 8. 


344 30.68 36.26 


* For details of computations of such results, see Thurston's Manual of the Steam Engine, 
vol. ii. and App., edition of 1897. 


Maxima and minima of functions of three variables, as has 
been seen already, may be found as readily by the use of glyptic 
or relief representation as can those of two variables by the use 
of plane curves; and the whole area of investigation may be 
thus explored to find special, or peculiarly interesting or im- 
-- portant results. The following application of the method first 
employed by the writer to the determination of compositions of 
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‘maximum value, among the kalchoid alloys, illustrates an original 
investigation of efficiencies of the steam-engine by similar pro- 
cesses, as made under supervision of the writer, and completed by 
the construction of bronze relief-models, photographs of which 
will give some idea, at least, of the broad and fruitful character of 
these methods. All the computations were made by Messrs. H. 
W. Ludlam and E. RK. Hill, in the laboratories of Sibley College, 
during the college year 1891-2. The models were constructed by 
Mr. Hill mainly, the curves and plaster casts serving as models 
for the metal reliefs, having been made as the work of computa- 
tion progressed. All figures were checked by double computa- 
tion and comparison. 

An engine worked at its minimum limit of economical steam- 
pressure as was assumed, was selected for study and test. This 
machine had the dimensions : 


Cylinder diameter, inches... 21.0 
125.5 


Initial condensation is found to amount to 41 per cent., a large 
proportion, but not remarkable for an unjacketed cylinder. In 
fact, little could be expected of a jacket here, if used. The expan- 
sion of the steam, as shown by the diagrams, follows very closely 
the law taken as correct for steam dry and saturated, and the 
index n = 1.132. This index is taken as » = 1.035 + 0.1 a; 
when x is the “quality” of the steam—in this case 0.966. Had 
this line been exactly followed, without loss due internal waste 
of heat between cylinder and condenser, the indicated horse- 
power would have measured 168, instead of as actually, 125.5. 
The co-efficient for this case is here, therefore, 125.5/168 = 0.74. 

Taking the case as representing the expansion of one cubic 
foot of steam from the initial pressure, we find, by the exact for- 
mulas of thermodynamic transformations occurring adiabatically 
and between 100 and 7 pounds per square inch, absolute, the ratio 
of expansion, 7; and the terminal volume, v, is 11.28 cubic feet. 
By the approximate expression, pv''’ = constant, the figure is 
11.31. The volume of the fluid measured off, as steam, per 
stroke, was 0.425 cubic feet ; strokes per minute, 166; computed 
horse-power, 168; actual as measured, 125.5. 
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different loads. In the solution of this problem, three variables 
entered, and the glyptie system of representation is therefore 

illustrated. In the surface thus constructed, the points of cut- 


off are laid off on the axis of VY; the pressures on the axis of )’, 


and the weights of water demanded, per horse-power and per 


hour, are given by the ordinates on Z Then curves of constant 
load may be drawn and projected upon the surface ; and curves 
of equal water-consumption similarly. This being done, the 
power demanded, during a given run, being known or estimated, 
the eye, at a glance, sees what is the best pressure and cut-off 

for that load. Pressures are here taken ranging from 190 to 90 


“cut-offs” varying between 0.06 and 0.23, as referred to the 
large eviinder. As representing a general case, the Rankine 


was used in the computations: constant, 4, constant dif- 
ference above given, was taken between the ideal and the actual 
diagram, and between the computed and the probabie real work 
done. Internal wastes were computed by the Fourier formula, 
giving an error on the right side, and probably unimportant.* 
_ Curves of condensation-wastes were drawn for each pressure, and 
the values, w of this loss, thus obtained were employed in finding 
the total consumption of water by adding the fraction of con- 
——- thus obtained to the computed quantity of steam 
demanded in adiabatic expansion. That is to say (1 + YX): ¥ 


multiplied by the steamed computed or measured for the ideal 


~ case was taken as the probable steam consumption. 
The accompanying plate exhibits graphically these variations 
: of waste, for four pressures and for a wide range of expansion- 
= and exhibits the general fact of rapid exaggeration of 


wastes by increasing expansions, and the increase of wastes of 
this character with increasing pressures and ranges of tempera- 
ture between initial and terminal and back pressure. (Fig. 14.) 


The plate illustrates the variation of water consumption per 
_ horse-power per hour, the same premises being taken, and 
the well-known fact of the existence of a minimum at a ratio of 
ss expansion appropriate to each pressure for the given engine. 


* Manual, page 517. 
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q 
Thus we find the best ratio of expansion in this respect for this 
engine, in this case, at about 7, varying from 6, nearly, at the ; 
lowest of these pressures to a trifle over 7 at the highest. It is also i) 
30 
é 
25 —_ 
| — 


Lbs. Water per I.H.P. per Hour 
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Ratios Expansion THURSTON 


seen that, in these cases, the economical expansion is less sub- 
ject to variation of serious amount with varying loads at the 
highest than at the lowest pressures, the water-consumption 
varying much less in the latter cases. The engine is not only 
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more economical at the highest pressures, but has a more con- 
stant efficiency. 

The table next given presents the final results of all computa- 
tions so far as needed for the production of the models to be 


here used in illustration of this paper. These figures are now 
to be employed in the construction of curves forming elements 
of the surface to be constructed in the solution of this problem. 
The figures thus obtained being transferred, on a convenient 
scale, as shown in the next plate, it is easy to make them a basis 
for such a method of operation and such a construction as was 
employed, first, in the exhibition of the useful qualities of the 
alloys. The several lines of water-consumption for constant 
ratio of expansion and varying pressures, as shown, herewith, 
in Fig. 134 above, being drawn, each is taken as the intersec- 
tion of an appropriate plane with the surface to be con- 
structed; and these several elements being found and _ their 
ordinates erected on the base-plane, the construction of the re- 
quired relief model becomes a simple and easy matter. The 
surface taken as illustrative, in this case, was formed by direct 
transfer of the lines here shown, in reduced seale. 


STEAM-ENGINE EFFICIENCY. 


| | 
| U Water Water Water per 


P |Compated., | Heal. | Real. | Moar) Honr.| hour per 

26,600 2 20,520 | 206.8 | 174 3,215 3,376 9 39 
33,240 | “& | 25,650 | 259 226 3,850 4,042 17.$ 
40,700 = | 31400 (317 | 284 4,545 | 4.772 | 16.82 
51,150 | x | 39,400 398 365 5,530 5,806 15. 
61,750 | © 47,700 | 481 448 6,500 6,825 15.25 
27,800 2 17,380 175 142 2,604 2,747 19.35 
34,900 |“ | 21,820 | 220 187 3,120 3,354 17.9 
42. 800 26,800 270 237 3,685 3,965 16.72 
53,800 | 2 || | 33,650 | 340 | 307 4,480 4,834 15.72 
65,500 |= 41,000 | 413 380 5,275 5,723 15.08 
29,020 & 11,100 | 113 80 1,590 1,828.5; 22.85 
37,100 | “3 14,160 | 143 110 1,908 2,261 20.6 
46,000 9 45° 17,600 | 177.5 144.5 | 2,250 2,670 18.48 
58,650 22,450 | 226.5 193.5 | 2,740 3,258 16.8 
71,500 27,360 276 243 3,220 3,896 16.05 
29,020 2 7,600 76.7 43.7 1,089 1,340 30.7 
37,600 “2 9,820 99.25 66 1,300 1,638 24.8 
47,240 ‘i 12,380 | 125 92 1,538 1,940 21.1 
69,950 = 15.950 161 128 1,870 2,356 18.35 
74,750 


| 19,580 | 197 165 2,201 2,863 17.35 
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The model, as finally produced and cast in bronze for class- 
illustration, is shown in the Fig. 135, reproduced by photographs 
from the original. This surface now gives the results of all 
possible adjustments of pressure and cut-off within the extremes 
chosen for its field ; and we see here, as in the case of the ternary 
alloy model, that we are thus enabled to represent an infinite 
number of cases from the results of study of a few, and to find a 
minimum or a maximum, if it exists, whether it happens to be 
one of the eases selected or not; the chances being, of course, 
infinitely against such an occurrence. We see at once, also, 
that there is no maximum efticiency within this range, for this 
engine, with increasing pressures ; but that there are maxima 
with varying ratio of expansion. 

The variation of the pressures from lowest to highest, over a 
range of 100 pounds per square inch from the lowest taken as 
suitable for the engine studied—between 90 and 190 pounds— 
produces a wide variation of economical working for each cut- 
off, but there is a general tendency to increase efficiency with 
increasing pressures, whatever the expansion; and this varia- 
tion also tends to approach a common minimum expenditure of 
heat, steam and fuel, at about 1,000 pounds, probably, but quite 
off the field explored, and beyond the range of current practice, 
or even of radical practice of the present day. The consump- 
tion of water and steam is seen to vary with rough approxima- 
tion, as the reciprocal of the square root of the boiler pressure, 
and to be represented, for usual conditions, as a minimum, by 


a-— 


where « varies from about 250 in the least favorable case given, 
to 185 for the best. Perhaps 200 may be taken as fair value, 
here. It is evident that, under the conditions here assumed, it 
is advisable to adopt as high a boiler pressure as may be found 
by experience wise on the score of prudence, and desirable on 
the score of insurance. This conclusion is supported by the 
fact that we are constantly increasing pressures, in locations in 
which economy of fuel is seriously important, as at sea, and that 
no thermodynamic limit is yet in sight. 

The variation of the ratio of expansion, or of cut-off, illus- 
trates a very different law. It is seen that the model represents 
a portion of a valley between elevations, and that it shows plainly 
and indisputably the now familiar fact of the existence of a 
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minimum economical expansion, a maximum efliciency with © 
varying cut-off, as shown by Isherwood, experimentally, for the | 
marine engine a generation ago (1860).* This expansion for | 
maximum efficiency is seen to be substantially the same for all 
pressures, with the engine here studied, and under the condi- 
tions assumed as those of its operation and is very nearly + = 7, 
thus corresponding accurately with the deduction of Hallauer 
for the compound engine, as the result of his comparatively 
_ limited experimental researches. A singular deduction, such as 
this, could be given positive proof by such a concurrence | 

of evidence only as could be secured either by a very large 

; - number of observations, or by the construction of the surface in 
which seattered observations could be grouped and made “dl 
sustain each other by falling into a smooth area of which the 
intersections by vertical planes, in whatever directions, give 


smooth curves. [tis only by such constructions that the point of 
maximum efficiency for both pressure and expansion can be identi- 
fied with accuracy at all, or a fact like that just pointed out dis- 
covered. It is this conclusion that is here intended especially 
to be emphasized, and the precise value, or even the exact pre- 
cision of the illustrative example is here of no special import- 
ance. The value of the method can be now readily recognized 
and fully appreciated. The result of this particular observation 
is the determination of the fact that, assuming the premises to 
accord with current and average fair practice, we may anticipate 
again in economy by increasing steam pressures in similar cases — r 


without known limit, and an economy in water-consumption — 
varying about as the reciprocal of the square root of the boiler 
pressure. It is thus indicated that the deduced ratio of expan- 
sion represents a cut-off of maximum efficiency, the cost of 
operation, in fuel and in steam, being greater with either a 
larger or a smaller ratio of expansion. It is further seen that, | 
- under such conditions of operation, the variation in efficiency — 
with varying pressures is less rapid as this best adjustment is | 
approximated, and that, with varying cut-off, the differences are _ 
greater as the pressures are lower, while becoming compara-_ 
tively small with the highest pressures. A drop of water would 
trace, by its flow on this model, a line of minima and of best 
adjustments for the whole series of pressures. High pressures 
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are thus less subject to wastes from variable loads with this 


engine than are low pressures. If we were to apply it to electric 
street railway work we should adopt the highest pressures 
practicable. The premises here taken are, in the opinion of the 
writer, fairly representative of good average practice, and these 
deductions are probably fairly accurate for the cases taken. 

Still another, and perhaps even a more important, and cer- 
tainly more curious and interesting problem may be solved, and 
has been solved, for this engine by this system of glyptie repre- 
sentation. This problem bears the same relation to the Rankine 
problem of the best point of cut-off, as a problem in finance, 
that the problems of maxima and minima in the differential cal- 
eulus bear to those solved by the application of the caleulus of 
variations. As already seen, the graphic representation of a 
series of observations by means of a curve, as in the case of the 
binary alloys and of the curves of water-consumption which have 
been described, permits the identification of the exact location 
of a minimum or of a maximum, even though that point may be 
not even approximate to any computed or observed point identi- 
fied for the curve. Similarly, the employment of the glyptic sys- 
tem of representation of variations of three quantities, as here 
illustrated, in the relief-model of the ternary alloys, and in these 
engine-efliciency surfaces, affords a means of determining ac- 
eurately the curve of best result in any given case of variation 
of either pair of variables, and also the maximum or the minimum 
in that curve, and for the whole surface. It may even happen 
that there are two or more such curves or such minima or 
maxima. 

The final problem, in the present case, is the following: 7» 
find the best adjustment of power for the given engine, and the best 
arrangement Of pressures and CXLPANSIONS for that load, 

The following case is presented as illustrative of the method, 
not as giving a specific set of values. These should be deter- 
mined for each case, and by reference to the commercial condi- 
tions of that particular case and for the circumstances char- 
acteristic of the location and operation of the machine. We 
_ proceed thus: 

Construct a surface which the ordinates, z, represent the work 
done per unit weight of water, or unit volume of steam, consumed, 
the abscissas on the axis of x the cut-off, and those along y the 

varying steam-pressures. This surface will be found quite simi- 


q 


GRAPHIC DIAGRAMS AND GLYPTIC MODELS. 543 


lar to that already illustrated, but inverted—ordinates here being 
reciprocal of those —and being convex instead of concave to the 
base-plane. (Pig. 136.) Let the work performed by the engine 
at any given pressure and cut-off be represented by the effective 
horse-power of the machine—its dynamometric power—deter- 
mined either directly by experiment for a suitable set of observ- 
ations as to number and distribution, or by computation of 
selected cases, giving uniformly distributed ordinates. Hori- 
zontal, .c 2, planes passed through the surface thus constructed 
will, by their intersections, give a set of curves of equal power 
and work, like the protile lines on a topographical relief. The 
fieure here given illustrates such a surface and such lines as 
obtained for the case in hand. This surface intersects the base- 
plane at some distance from the origin, its ordinates becoming 
. negative at that line representing those values of the power and 
work at which the internal and other wastes become so great as 
to consume all steam supplied, and just turn the engine over at 


t its prescribed speed, without external load at its shaft or on the 


dynamometer. Vertical planes passed through this surface, 
parallel to the axis of ., form by their intersections “ curves of 
efficiency,” as the writer has called them, such as Rankine first 
deseribed for the ideal case, and such as, for the actual case, the 


writer has applied to the solution of similar problems relating 
to the real engine, all wastes being taken into account.* The 

present problem requires the identification, first of the best of 

these curves for the given engine and for a stated power, and 

second the best adjustment of pressure and cut-off for that 
power and pressure, financial considerations being the control- 

ling conditions. Once this surface is obtained for the proposed 
engine and for a sufficiently wide range of conditions, the solu- 

. tion of this problem involves simply the examination of the 

market prices for the locality in which it is to be used, and the 
+4 questions proposed for solution are quickly and easily answered. 
. In many cases these quantities are not ascertainable with perfect 
accuracy ; but they may almost invariably be determined with 
sufficient approximation for practical purposes, and even an 

approximate solution of such problems is vastly better than the 

usual “guess” of the builder, who invariably seeks maximum ; 
duty and usually gives altogether too large an engine for highest 

commercial efficiency. 


* Manual of the SteamEngine. Part i., chap. 7 
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Such a model being constructed, many problems may be 
solved readily and with satisfactory accuracy which could, per- 
haps, not be solved at all, or, if at all, only with great difficulty, | 
and with indifferent accuracy and certainty, by any other means. 
This new application of the relief-model thus serves an excellent — 
purpose in the prosecution of those investigations which have _ 
now come to be of primary importance in the further advance — 
of our practice in steam engineering. Since the ordinates in y— 
measure the work done by quantities of steam measured on the 
abscissas in ., for any given steam pressure measured off on 2, 
the unit of measure may be taken as required, either with refer-— 
ence to the work performed at full stroke, as unity, which was _ { 
Rankine’s method, or with reference to the power of the given i 
engine taken at full stroke, as unity. If we take the horse-power _ 
of the engine as indicated by the various curves on the surface — ‘ 
of the model by intersections with suitably located horizontal — 
planes, the ordinates will measure the quantities of steam re-_ . 
quired to do those quantities of work referred to that needed — . 
for full-stroke performance as a standard. 

Since the ordinates, on my appropriate scale, thus measure — 


work and the abscissas in . the corresponding expenditure of— 
steam, we may take the latter as the measure, also, of the costs — 
of that steam, costs at full stroke being the unit. This per-— 
mits the application of the construction to the solution of all | 
problems of maxima and minima within its field, relating to | 
costs and commercial efticiencies.* The ratio of cost of steam 
to work done by it is measured by the ratio of ordinate to «- 

abscissas, for any point on the surface, and this ratio is a maxi-— 
mum when the angle made by the secant drawn from the point | 
to the origin makes the largest possible angle with the axis of 
x; and this occurs when it becomes a tangent to the surface. 
Hence, to find maxima, we have simply to draw from the origin 
lines tangent to the surface, in any w y plane, taken, us desired, 
on such point in 2 as represents the proposed steam-pressure, 
and the expansion for maximum duty at that pressure and for the 
given engine is obtained. This, in turn, identifies the best power 
at which to rate the engine, on this basis. Further, if we 
measure off, to the left, along 2, distances proportional to the 
costs of operation which vary proportionally with the size of 


* Ibidem, Art. 181. 
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engine, and measured in units of value equivalent to the cost of 
the steam used for full-stroke of the engine of unity volume for 
full-stroke work, we find what proportion the costs variable with 
the size of engine bear to the similar costs of steam variable with 
size of boiler, unity volume of steam being, in this case, taken 
as demanded at full-stroke. These costs may be two or four per 
cent., for example, of the full-steam costs. Adding to the ab- 
scissas, by drawing in at the left of the origin this proportion of 
the total steam-costs, similar maxima to those previously found 
ay be obtained which will show what is the best method of 
otk steam, the best expansion and the best size of engine 
for economical operation, from the financial point of view. 
Numerous other problems may be solved in a similar manner.* 


The identification of the test pressure and expansion for a 
given pewer, with a given engine, is one of those problems which 
of efficiency,” as distinguished from the “ curve of efficiency 


iustrate Ss the value of the surface representation, the “ surface 
Finding the plane giving the maxima efficiency, and that notnt 
in its curve of intersection with the surface which gives maxi- 
mum efficiency in that plane, the best adjustment of engine 
to its work is revealed, and a problem in the calculus of varia- 
‘tions is thus given a constructive solution with the greatest 
ease. 

Thus, in the present case, the model gives us the stated data 
for the case in which the problem proposed is to find the ad- 
justment of an extremely wasteful engine at various pressures 
from 90 to 190 pounds, to insure highest duty, as measured by 
the ratio of dynamometeric work to weight of steam and fuel 
required to perform it. 

These cases are simply illustrative, and are not to be taken 
as more than fairly approximative in any one problem, and then 
only for the engine and for the conditions of operation there 
taken as found by test of the engine, and by investigation of 
markets at its proposed location; but they exhibit the fact that 
the real problem of economy in engine-operation dictates, as a 
rule, much smaller engines, and lower thermodynamic efficiency 
than is commonly sought for, and less, much less, than can be 
obtained with the engine adjusted for maximum duty, irrespec- 
tive of its own running costs and the treasurer's account of 


* Jbidem, Arts. 193-7. 
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wual expenses, including the value of capital invested in it 
and its accessories. 

It will be noted that all the ratings here obtained, as exhibited 
above, give ratios of expansion far within those usually con- 
sidered to dictate the adoption of even the compound engine ; 
and it follows that the designer, for the case here taken would 
employ a simple engine, presumably taking the precaution to 
insure dry or moderately superheated steam, and, if the engine 
is to work at low-speed, or if it has proportions justifying it, 
jacketing its cylinders. It happens that in this particular case the 
multiple-cylinder engine would not pay, and it is not impossible 


ani 


that it might actually prove to be less economical than the sim- 
ple engine. This, at first thought, singular result of the investi- 
gation comes of the fact that the engine selected for study is of 
small power and large proportional area of cylinder-wall, and 
seriously subject to internal and other thermal wastes; such as 
would not usually oeeur in any such proportion in a more 
powerful or better designed or larger engine. The larger the 
engine the dryer the steam, and the more perfectly it is pro- 
tected against internal and external wastes, the larger will be the 
ratio of expansion at which it can be ecomically adjusted to 
work, and the more nearly will it approximate in its commer- 
cially satisfactory operation those conditions which are known 
to distinguish the ideal case. 

Thus, for example, the figures for a good condensing engine, for 
steam-consumption per horse-power per hour may approximate 


the quantity, W = , a limit now actually overpassed, while 


log p 
an ordinarily well-designed, but small, engine may demand fifty 
per cent. more, and the common small engine on the market 
double that quantity of feed-water for each indicated horse-power. 
The terminal pressure, for maximum duty, in the best cases, 
falls as low as 7 or 8 pounds, absolute, with condensation, and 
20 pounds on the square inch, above vacuum, with non-conduct- 
ing engines, while, with more wasteful machinery, it may rise to 
double these figures. The high-pressure element of the Sibley 
College Experimental Engine, were the model constructed to 
represent that case, weuld give the following, as already re- 
ported : * 


* Transactions, Am. 8. M. E., Dec., 1866, vol. xviii. 1 -_ 
36 
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Economics OF IDEAL AND OF ReaL ENGINE (9 LN. x 36 IN, 86 Revs.) 


CONSTANT QUANTITIES, 
Quality of steam at engine, per 
Back pressure, pounds per square 
Friction of engine, Mik 
> Expenditure in pounds of steam per horse-power per hour, > 
atlo Ideal Engine adiatic Condensa- 
Expansion. Loss. tion. Per Model. 
served. 
32.91 1.73 267 7.62 
> 20.50 1.75 268 6.68 29.18 20.10 
ee 16.70 1.78 268 6.70 25.45 24 6 
15.11 1.80 .270 7.01 24.19 23.1 
14.21 1.838 271 7.40 23.71 22.8 
13.52 1.86 272 7.70 23.35 22.6 
12.67 1.98 8.27 22.20 28.7 
12.22 2.12 280 9.10 24.08 24.0 
11.90 2.37 291 9.50 24.06 24.5 
11.70 2.71 305 10.30 24.92 25.5 
11.61 3.06 33 12.00 27.00 28 0 


- The minimum expenditure would be found at six or eight ex- 
pansions, and seven would be presumably selected on this basis. 
The finance of the case would probably bring it down to five. 
The triple-expansion engine, under similar conditions, gives 
highest duty 7 = 13.8, and demands 13.5 pounds of feed-water, 
14,000 British thermal units per horse-power per hour. Its best 
commercial performance, with coal at $4 per ton, and usual 
costs for other supplies and attendance, will be not far from 16 
pounds at a ratio of expansion of about 5. The limitation of 
the expansion-ratio in the manner thus indicates a limit to the 
introduction of the multiple-expansion engines, where fuel is 
cheap and labor expensive and repairs a serious item, and, from 
this point of view, as shown so strikingly by these glyptic repre- 
sentations of the relations of conditions affecting ultimate econ- 
omy, it is readily seen. that every engine should be proportioned 
with direct and final reference to the influence of its operation 
upon the dividend-paying power of the establishment of which 
it forms a part. In addition to the wastes, thermal and dynamic, 
here brought into prominence by their serious influence upon 
the best steam-distribution of the engine, it is found that busi- 
ness considerations are no less imperative in their dictation of 


= 
= 
Pos 
j 
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proper adjustment of the engine to its work and in directing 
that compromise between the conflicting conditions which will 
vive the best satisfaction from the standpoint of the stockholder. 

A model, such as is here described, might thus be made to 
give a complete representation of the whole field of practice in- 
steam-engine construction, and the proper apportionment of the 
machine to its work under specified conditions characterizing 
any one market. Thus, in the table, we have such determination 
for a variety of steam-pressures, and for a variety of types of 


engine. 


expansion, 7’, for maximum efficiency of fluid or maximum indi- 
cated power for a stated amount of heat, steam or fuel employed ; 
the ratio of expansion, +, for maximum efficiency of engine, 
giving lowest steam-consumption for a stated power delivered 
and for highest duty; the ratio of expansion at maximum com- 
mercial efficiency, * , the highest efficiency of the money expen- 
diture, all these are easily determined, the correct data being | 
once secured and properly used. 


dollars per ton, and the ratio, /, of costs of the engines con- 
sidered as an investment to the costs of the steam supplied, 
both measured by the unit of volume, is as given in its appro- 


The ratio of initial and back-pressures; the ratio of 
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priate column in each class.* 


RATIOS OF EXPANSION AT MAXIMUM 


60. 

80. 
100 
120). 


150. 


Simple Engines.—Dry Steam. 


NON-CONDENSING, 


Sveep. 


pil 


ERATE SPEED. 


M 


30 


* Manual Steam-Engine, vol. i., 
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43 44 4 .04 17 10 
545 44.04 20 11 


6 5) 5 .04 2 13 


chap. 7. Transaction, 


CONDENSING, Mop- Dry AND Sat- 
URATED STEAM. 


Am. 


In the table, the assumption | 
is made in obtaining the last mentioned datum, that fuel costs five 


EFFICIENCY OF FLUID, OF ENGINE AND 


Compound, Condensing, Jacketed, 


SLIGHTLY SUPER- 
HEATED STEAM. 


6 .05 18 14 10 
7 .05 18 16 12 
8 .05 22 20 15 
9 .05 27 25 17 
S. M. E., 1882, ef seq. 
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The revelations of otherwise unobservable or unnoticed phe- 
nomena, and especially the easy identification of maximum or 
minimum values of important data by the use of these graphic 
and glyptic methods, are seen to be, sometimes, at least, of great 
interest and occasionally of supreme importance. The examples 
here are given to be taken merely as illustrative, for they are 
based upon data which are only correct for the special cases to 
which they are applied; but it is usually easy to ascertain, with — 
entire accuracy and certainty, all the quantities needed to insure 
as exact deductions for any case with which the engineer has to 
do and thus to effect entirely satisfactory application to every- 
day practice. 

The fact that it is now well-established that we may often, if 
not commonly, by a single engine-trial, determine the constants 
needed to make application of the equations of the various 
curves of these diagrams, and to construct these models, fur- 
nishes a new and powerful means of analysis to the designer 
and builder. The form of each line is known by its general 
equation, and the experimentally determined constant locates the 
line. With form and location given, the numerical value of not 
only the co-ordinates of the point of maximum or minimum 
becomes known, but also the relations of adjacent values and the 
method of variation with varying working conditions. 

It is probable that innumerable applications, and many new 
methods will be discovered or devised, once such processes of 
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DCCLXXIV.* 


MECHANICAL PROPERTIES OF CERTAIN 
LUMINIUM ALLOYS. 


CARPENTER, ITHACA, N. Y. 
Js (Member of the Society.) 


THE investigation of the mechanical properties of the various 
alloys of aluminium and other metals has been in progress for 
the past five or six years in the laboratories of Sibley College, 
Cornell University. The results have not in many respects— 
proved as satisfactory as desired, aud the writer feels that the 
investigation has served to bring out information regarding 
methods and mixtures which should not be employed, rather 
than to give much positive knowledge of desirable alloys. In 
fact, the difficulties which have been brought to light have pre- 
vented the complete and full investigation which was laid down 
in the original scheme. 

For these various reasons the paper is to be considered only 
as presenting certain isolated facts, rather than as describing a 
complete investigation of all the fields which relate to the alloys 
in question. Investigations are still in progress, and it was not 
intended to publish the present paper until a later meeting, but 
Captain Alfred E. Hunt of Pittsburg, believing that the investi- 
gation had served to point out a few alloys of commercial value, 
and also because o the location of the spring meeting, desired . 
the presentation of such facts as had been definitely deter- 
mined without waiting for the completion of the entire investi- - - - 
gation, which doubtless will require considerable time. It is A: 
hoped that data may be forthcoming from other experimenters 
and practical engineers which will supplement or correct, or 
supply omissions in that given in the paper. : 


The general method of investigation involved in every case, 
first, the manufacture of the alloys, which was done by adding 
the various component parts in accordance with a predetermined 


* Presented at the Niagara Falls meeting (June, 1898) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the Transactions. 
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scheme. Second, a mechanical test of the alloys, which was 


generally made as extensive as the conditions would permit. 
These tests generally involved the ordinary tests for strength, 
but were in some cases considerably curtailed on account of the 
nature and amount of the alloy. 

An investigation was made in the case of several of the alloys 
to find the relation, by chemical analysis, between the various 
ingredients in the product and those added in the process of 
manufacture. The result of that investigation indicated that if 
the alloys were properly mixed, the proportion of the various 
metals, especially the aluminium, as shown by the chemical 
analysis, should not differ by more than one per cent. from the 
amount added in manufacture. The mixtures in which the 
aluminium varied more than this were rare, and generally due 
to improper methods used in manufacture. The impurity of the 
metals used in the mixtures always caused a slight and unex- 
pected variation in the results, since the purest metals which 
could be purchased contained from } to 1 per cent. of impurities. 
This fact renders the proportions of the mixtures, even in spite 
of the utmost care, to a certain extent approximate. It is be- 
lieved, however, that careful mixing will produce alloys with 
like properties when metals of from 98 to $9 per cent. pure are 
employed. In nearly every case the results with the better 
alloys have been checked by making entirely separate mixtures 
of the metals independent from those first made, and in no case 
have the properties of the second mixture been essentially 
different. 

The aluminium which was employed for this purpose was 
furnished by the Pittsburg Reduction Company, and was of a 
grade guaranteed to be over 99 per cent. pure. The other 
metals were obtained of various dealers in metals, using, how- 
ever, precautions to obtain those of the highest grade and with 
a known standard of purity. 

Alloys of aluminium and copper and of aluminium and tin 
had been investigated by other observers before the commence- 
ment of the investigations recorded here, and mixtures of these 
metals were tested only to a limited extent. 


Aluminium, Tin, and Copper Alloys. 


The special investigation of these alloys was conducted under 
the writer’s direction by two graduate students, Mr. G. T. Geb- 
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hardt and O. P. Ward, in 1896. In making the investigation it 
was determined, in order to limit the number of experiments, to 
take a fixed percentage of one metal, as, for instance, aluminium, 
and add to this equal amounts of the other two, which method 
also had the incidental advantage of permitting a graphical illus- 
tration of the behavior of the alloys without the use of three 
co ordinate planes. 

Preliminary test pieces for tension tests were first made with 
the Al, Sn., and Cu., varying respectively, by increments of 20, 
from 20 to 100; e. ¢., 20 AL, 40 Sn., and 40 Cu.; 40 AL. 30 Sn., 
30 Cu., ete. 

Great care was taken in making these specimens so as to 
eliminate all errors and to insure uniformity of conditions. New 
graphite crucibles were used; the mixture was thoroughly stirred 
before being poured, and the molten metal was not permitted to 
become superheated ; the copper was invariably melted first, 
and the Al. and Sn. added by degrees. The specimens were all 
cast in green sand under a 6-inch sprue-head, and were allowed 
to chill in the mould. These preliminary specimens were not 
turned in the lathe, and they were tested without the use of 
extensometers. The results of this test are shown in column A, 
Table I. 

These preliminary test pieces were remelted, and carefully 
turned in a lathe to a uniform diameter. They were tested with 
the use of the extensometers, and the results are given in column 
B, Table I. 

Torsion pieces were then cast from these broken test pieces, 
and, after having-been carefully machined to standard size, were 
tested in the Thurston autographic machine. The result of this 
test, with that of a few scattering alloys, is given in Table IT. 
The results of this entire test were plotted with ordinates as 
indicated. 

Specific Gravity. 

The specific gravity follows a definite law, varying with the 
composition, and decreasing with the addition of aluminium. 
The plotted curves accompanying the report show the variation 
for various mixtures. 


Difference between Composition by Mixture and by Analysis 
(Chemical). 


= 
7 i 
. Several specimens were chosen at random from the lot and . 4 
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analyzed. In each case there was a small variation from the 


original mixture. Specimens from the second and third re-— 


melting were also analyzed, but the variation was but slight. 


Separation of the Metals. 


In several of the bars, especially those high in tin, a consid- 
erable amount of liquation took place. The amount of this 
separation depended upon the rapidity with which the specimen 
was chilled, e. 7., the bar containing 80 per cent. of Sn. and 10 
per cent. each of Al. and Cu., when allowed to cool in the mould, 
showed this liquation in a remarkable manner ; the three metals 
had separated into three distinct layers, the heavier metal being 
on the bottom ; however, when suddenly chilled by being thrown 
into cold water, no separation whatever took place, the alloy 
being closely grained and perfectly homogeneous. rie? 


Strength. 


The bars containing from 85 to 95 per cent. copper have 
considerable strength, are close-grained, and of a beautiful 
golden color; their machined surfaces do not tarnish on ex- 
posure to the air. In the copper end of the series, the dividing 
line between the strong and the brittle alloys is precisely that 
at which the color changes from a golden yellow to a silver 
white, viz. at a composition containing between 78 and 80 
per cent. copper.* At the elastic limit, the torsional strength 
is closely proportional to the tensile strength. Alloys of 
these three metals, compounded of simple multiples of their 
atomic weights, are very soft and spongy, and have very little 
strength. Considerable liquation takes place in them. How- 
ever, there seems to be some definite law by which the strength 
decreases from the maximum to a minimum, which has no rela- 
tion to the atomic weights, but to the percentage of composition 
only. In the aluminium end of the series the strength rises 
from that of pure aluminium to a maximum at about 90 per 


* Fora similar observation of this relation of the colored to the white and gray 
alloys, in the case of those of Cu., Sb., and Zn., see ‘‘The Materials of En- 
gineering,” vol. iii. $$ 246-266, pp. 414-451, Thurston. Also report by same 
author, to U. 8. Board, on ‘‘ The Strongest of the Bronzes ;*’ Washington, Gov- 
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cent. Al.; from here it gradually decreases to a minimum at 30 
per cent. Al. 
takes place, as can be seen by referring to the plotted curves of 
their strength. 
copper (inclusive) are very hard and exceedingly brittle, and 


In the tin end of the series a similar change 


The alloys containing from 78 to 20 per cent. 


are practically worthless for purposes where strength is re- 
quired ; they could not be machined, as large chips would fly 


off in advance of the tool, and in some instances the whole test 
piece would fall to pieces by the jar of the lathe. Specimens 
containing between 70 and 40 per cent. tin were very soft, the 


tin in most specimens crystallizing out in large, coarse crystals. 


. Their melting points are extremely low, and, as a consequence of 
the great length of time that it takes for them to chill in the 
mould, considerable liquation takes place. The bars contain 

between 60 and 40 per cent. AL, are very porous and spongy, 

and are more of a mechanical mixture than alloy. 

In the scattering alloys, 10 Al, 1Sn., and 89 Cu. formed a 
tough, closely grained, highly colored alloy of considerable 
12 Al., 2 Sn., and 86 Cu., and 
13 Al, 2 Sn., and 85 Cu. were very strong, coarse grained, and 
rather brittle. 
that for east iron, breaking without a distinct elastic limit. 


strength and medium ductility. 


The curve is precisely the same in nature as 
The 
alloys are about as hard as cast iron, and take a beautiful polish, 
which does not tarnish. 

The following tables and curves show in detail the strengths, 
ete., of these various alloys. 

The diagram (Pig. 137) shows the strength of the various alloys | 
by the ordinates and the composition of that element of which 
a fixed percentage was added by the abscissa, the other two- 


being in each case equal to 100 per cent., minus the percentage 
added. 
by the numerical values of the ordinates marked on the seale — 
to the left, and the percentage of copper by the numbers de-— 


Thus, in the line marked copper, the strength is shown 


noting the abscissa; the percentage of aluminium or of dl 


would each be equal to one-half the difference between 100 


ind the percentage of copper. In the same way, the curve — 


by the abscissa the percentage, of aluminium present, that 


‘racting the percentage of aluminium from 100, and dividing 


f{ copper and tin being in equal amounts, and found by sub- — 


j 
— 
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| 
45,000 In this diagram, the percentage of one 
ingredient, and that the one marked onthe | 
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40,000 The other two are equal and can be ob- | | 
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30,000 


25,000 
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Tensile Strength pounds per Square inch. 


15,000 
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85,000 
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ium and 7; 


inch. 


Thus the alloy with 85 percent alumin- 
each of tin and copper has a 
probable strength of 30,000 lbs. per square 
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In the curves of specific gravity (Fig. 138) the scale at the left 
gives the specific gravity, the figures at the bottom the compo- 
sition, by the same plan as used in Fig. 157. 

A series of curves plotted with ordinates of three dimensions 
would have shown somewhat better variations of the character, 
of that, in a metal made of three ingredients than a curve of two 
dimensions ; but on attempting to plot such a curve, it was found 
that there were so many combinations still unexamined that the 
curve selected seemed, on the whole, to show the results more 
clearly. 

The important alloys in the aluminium-copper-tin series are 
given in the following table, which is taken from the results of 
the investigation, and is as follows : 


ALLOYS OF MAXIMUM STRENGTH. 


Percentage of — Percentage of Tin Strength per | Specific Elongation 
Aluminium, Copper. sq. In. Gravity. per ct. 
| 
85 7.5 7.5 30,000 3.02 4.0 
6.25 87.5 6.25 63.000 | 9.35 3.8 
5 5 90 11,000 6.82 10.1 


It will be noted, from the character of the investigation, that 
all possible combinations of these three metals are not exam- 
ined; and it is, of course, not certain but that stronger metals 
would be found by combining all three ingredients in unequal 
proportions ; the time, however, required fora complete examina- 
tion of this kind has not as yet been possible to obtain. 


. 
Alloys of Alumininuin and Zine. 


The alloys of aluminium and zinc were made in essentially the 
same manner as those of aluminium, tin, and zine, by W. F. 
Hunt and W. J. Andrews in 1894. The results of this investi- 
gation serve to prove that aluminium and zine alloy very 
readily, and that proportions consisting of from 60 to 70 
per cent. aluminium make sound castings, having low melting 
points and a strength not greatly different from that of brass. 

A study of the curve of strengths (Fig. 139) shows that the 
alloy consisting of two parts of aluminium and one part zine 
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TABLE I. 
ALUMINIUM ALLOYS.—TENSILE STRENGTH. 


COMPOSITION P CENT. ULTIMATE STRENGTH : ‘ 

Al. Tn. Cu. A. B. | Se. IN. | Per Cent. 

100 27,000 28,530 12,000 6.5 6.5 
5 5 90 40,815 42,038 13,832 7.6 4.0 
10 10 80 32,209 34,200 24,829 6.5 0.8 
20 20 60 1,966 2,225 
20 30 40 849 1,077 * 
40 40 20) 4,800 5,672 * oO eee 
15,000 14,516 6,482 2.67 5.62 
90 5 5 15,476 17,070 8,227 2.82 3 
80 10 10 18,580 21,140 13,329 3.09 1.2 
60 2 20 4,416 5,950 * 3.53 3 
40 30 30 915 1,123 
20 40 40 2,221 2,622 
5 90 5 11,582 10,418 4,823 6.77 10 
19 80 10 5,999 5,922 2,988 6.24 1 
2 60 20 1,198 1,200 * 
30 40) 30 993 961 * 
40 20 40 3,798 38,997 * 


A. Results of first melting. B. Results of second melting. — 
Test pieces 6 in. between shoulders, diam. 4 inch. 
: * Could not be turned in the lathe. 


TABLE II. 
ALUMINIUM ALLOYS—TORSIONAL STRENTGH. 


COMPOSITION PER CENT. ANGLE OF SHEARING STRESS 
BY WEIGHT. Torsion Dea. PER Sq. IN. 
GENERAL CHARACTER. 
100 2 130 4,300 25,000 
8.5 2.5 | 95 4 200 10,710 33,075 Very soft: ductile. 
5.75) 3.735) 92.5 6 198 11,827 35,802 Soft ; ductile. 
5 90 7 175 | 15,525 45,155 Slightly tough ; ductile. 
6.25 6.25 87.5 4 37 30,282 63,440 Tough ; medium ductility. 
7.5 | 7.5 | 85 3.5 22 | 25,447 37,062 Very tough ; rather hard, 
8.75 8.75) 82.5 7 10 18,413 18,418 Hard ; somewhat brittle. 
10 10 80 6 s 15,230 15,230 Very hard ; brittle. 
11 78 5.8 5.8 13,717 13,717) exceedingly brittle. 
Scattering. 
2 10 88 | 147.5! 14,000 43,987)/Somewhat soft ; ductile. 
10 89 5 52. 50,000'Tough ; medium ductility. 
12 2 86 9 9 | 32,984 32,984 Very tough ; hard. 
13 2 85 8 12 32,723) 37,003) ee 
85 7.5; 7.5) 8 37 8,703 17,630) Very soft ; somewhat ductile. 
27.1 |119 69.6 2.5 2 2.800 2.800) spongy. 
2 160 4,005 12,911 


* Could not be machined. 


: 
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is the strongest in the series. The excellent property of this 
alloy for practical purposes was first noted by Professor W. 
Durand, in 1896, who, desiring a metal which would make very 
sound and strong castings for model work, made experiments 
with the best metal of the aluminium-zine compounds, as shown 


T 


PROPERTIES OF 
45,000 
| ALUMINIUM-ZINC ALLOYS. 


40,000 }- \ 


30,000 x 6 
25,000 5 by 
| > 
20,000 
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— 
| 
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| 
| 
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. ea Carpenter Percentage of Zinc 
4e Fig. 139. 


by the experiments. This metal has proved so satisfactory for 


such purposes that for the past two years it has been used 

extensively as a substitute for brass castings in almost all the 

work in the laboratories of Sibley College. Professor Durand 

, has proposed for this alloy the name of “ Alzinc,” which seems 

to the writer very appropriate, since‘it indicates the principal 
ingredients. 

The practical use of this metal has proved that it is suscepti- 

ble of a high polish,* that it does not tarnish in the air, that it 

is readily worked with lathe or planer tools. In working it, the 


a 


* See remark in discussion of this paper. — 


| 
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tools should be rather sharp, and ground about the same as — 
be - for cutting steel. The chips hold together with considerable 7 
tenacity, so that it is possible to remove chips of great 
. > 
lencth. The tensile strength of this material is 24,000 to © 
26,000 pounds per square inch, or fully equal to the best cast . 
iron. It isavery rigid material, and possesses, like most allthe © 
aluminium alloys, very little ductility. In the opinion of the 
writer it will serve asa substitute for cast brass in nearly every 
position where cast brass is serviceable ; it will not, however, — 
serve as a substitute for the soft or leaded brasses, since it pos- — 
sesses little ductility. It seems especially well fitted for valve _ 
bodies and other similar uses, and for such purpose it is 
believed that it can be manufactured cheaper than brass, as 
because of its superior lightness, even with present prices in 
metals, its cost is not essentially different from that of brass at 
twelve cents per pound. Recent investigations indicate that 
this alloy becomes quite ductile at a temperature of 400 degrees 
Fahr., and at that temperature may be rolled or drawn, 
TESTS OF ALUMINIUM-ZINC. 
PERCENTAGE. Transverse 
Specific Strength, Maximum Modulus 
Zinc. Sq. Inch. pounds per 
‘ | Sq. Inch. 
| 
| 
100 QO 2.67 | 14,460 14,500 6,535,000 Uneven shrinkage. 
90 10 | 2.77 17,940 18,950 7,710,000 
85 15 |2.918/......... 28,090 9,260,000 
85 15 | 2.918; 18,100 |.........]........../Shrinkage uneven. 
80 20 | 2.998) 21.850 ......... 9,110,000 
75 25 | 38.15 | 22,940 |.........! 8,210,000 = 
70 30 3.191 | 24,400 43.200 8,178,000 Shrinkage even. 
70 30 | 3.24 | 23,950 


60 40 3.57 | 19,770 40,350 8,540,000 4 
50 19,300 | 38,100 |.......... 

| |..... | 19:060 | 39.850 


25 | 13,175 | 25,500 |.......... 
2 75 14/150 $,670,000 


0 100 7.19 2,522 7,556 6,680,000 Elongation of all the speci- 
mens less than 1 per cent. , 


oF 
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Alloys of Aluminium and Cast Iron. 


Practical tests of alloys of aluminium and cast iron were made 
by W. J. Keep of Detroit, and reported in the 7'ransactions of the 
American Society of Mining Engineers, vol. xviii. The results of. 
Mr. Keep’s investigations indicate that the addition of aluminium 
had little or no beneficial effect on the iron, except possibly in: 
some conditions to make it flow freer in the moulds. 

The investigation recorded here was made by Mr. E. M. 
Doyle, a graduate student. It was found as a result of this _ 
investigation that aluminium would alloy readily with cast iron: 
up to an amount of 14 to 15 per cent. by weight, and produce 
alloys having considerable strength; but for mixtures with — 
greater percentage of aluminium the alloys were granular, and 
possessed practically no coherence. 

The general results indicated a falling off in tensile and 


h transverse strength, and also in power to resist impact in pro- 
) portion as the percentage of aluminium was increased; or, in 


other words, the effect of the aluminium was to weaken the 
cast iron, and also to make it brittle. 

The results of the various tests are best shown by the accom- 
panying curves, which in each case give the percentage of 
aluminium added to the iron as abscissa, and the results of the 

various tests as ordinates. It will be noticed that considerable 
variation was found in individual specimens, which was due, to 
a great extent, to imperfect castings and mechanical difficulties 
connected with the production of the alloys. The line drawn 
through the diagrams indicates as well as can be predicted the 
average strength due to the various mixtures in Figs 140, 141, 

and 142. 

Magnetic Prope rties of Aluminium-Iron Alloy. 


Some tests were made in 1891 by C. Eickemeyer, and recorded 
in the Sibley Journal for that year, for determining the magnetic 
properties of alloys of aluminium and cast iron. The alloys 

tested contained respectively { and } per cent. 

The determination showed no marked difference in the con- 
ductive power of aluminium iron and ordinary cast iron, but 
there was a small difference in favor of the iron with the smallest 
portion of aluminium, thus leading to the general conclusion 
that the addition of aluminium to cast iron does not improve 
its conductive powers. 
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Alloys of Aluminium and Magnesium. 


Tests were made in 1893 of a number of aluminium-magnesium | 
alloys by L. 8S. Marks and 8. A. Barraclough, graduate students. 
It was thought that a valuable alloy might be found from the 
general similarity and properties of the two metals. 


Deflection inches 
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Fie. 142. 
minh 
Magnesium is a silver-white metal of specific gravity of 1.74 
and melting point of 446 degrees Fahr. The metal used was 
obtained in the form of rolled or drawn rods about .43 inches in 
diameter. Owing to the low temperature at which magnesium _ 
burns, it was not deemed advisable to attempt to cast it to 
standard test piece form, and so the rods were tested in tension 
just as they were supplied. Their length was about 8 inches, 
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and the extension was measured over a length of 4 inches. The 
material gave a fine cup fracture. It is very tough and bends 
with ease, emitting a ery like that of tin. It is easily tooled 
both with the file and in the lathe. 

The following table gives the results of the tension tests for 
pure magnesium :* 


| | 
Number of | Diameter | Breaking | Breaking Load | Elastic Limit Extension | Modulus of 
Test Piece | Lbs. Lbs. per sq. in. Lbs. per sq. in. per cent. Elasticity 
1. 433 3,500 23.800 8.800 4.2 2.040.000 
.442 3.200 20,900 10,780 1.8 2,060,000 
4.. 435 2,900 19,500 8.400 2.5 1,830,000 | 
7 .432 3,300 22,500 we 2.3 
From the above table it will be seen that : 
: The average breaking strength is.... ................. 22.250 Ibs. per sq. in. 
The average modulus of elasticity is. ................. 1,945,000 


It is noticeable that though the density of the metal is only 
two-thirds that of aluminium it has one half more tensile 
strength. 

A satisfactory series of alloys with different proportions of 
aluminium was obtained and tested. The results are given in 
the accompanying table, and are also plotted out graphically 
in Fig. 143. a 

ALLOY OF ALUMINIUM AND MAGNESIUM. 


of Test ; "| Specific Gravity, [Breaking Strength — Elastic Limit of 


oO 
Piece. Magnesium. — Ibs. per sq. in. Ibs, per sq. in. Elasticity. 
| 


0 2.67 | 13.685 4,900 1,690,000 

2 2.62 15,440 8,700 2,650,000 

: 5 2.59 17,850 3,090 2,917,000 

10 2.55 19,680 14,600 2,650,000 

* For earlier work on properties of magnesium and its alloys, see ‘‘ Materials 


Ct to 


of Aéronautic Engineering,” Transactions Aéronautic Congress, Chicago, 1893; 
also Sibley Journal, April 1894. 

‘Magnesium as a Constructive Material,” London Machinery, May, 1896; 
; ‘* Industries and Iron,’’ May 22, 1896. Also Thurston’s ‘‘ Materials of Engineer- 


ing,” vol. iii., pp. 94-561. 
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The addition of magnesium to aluminium in increasing pro- 
portions was found to make the alloy more brittle ; with 30 per 
cent. of magnesium it was so brittle as not to show any elastic 
limit. 

The attempt to form alloys with copper, brass, or bronze con- 
taining more than one per cent. of magnesium were not success-_ 
ful. Several test pieces containing one per cent. or less were 
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Fig. 143. 
cast, but in every case the presence of cavities prevented the 
exact determination of their strength. 

No alloys could be formed with iron, the magnesium always 
appearing in the form of globules in the interior of the metal. 

It will be noted, from the study of results given, that the 
addition of small amounts of magnesium improved the tensile 
strength of aluminium and also decreased the specific gravity. 
The magnesium, on account of its tendency to burn, is a difficult — 
metal to alloy with the aluminium, and for that reason, although 
this alloy presents superior qualities to that of pure aluminium, - 
as well as on account of its high cost, it probably would not now 
enter into any commercial use. It was found almost impos- 
sible to make alloys which contained small percentages of _ 
aluminium. None were tested. _ 


Aluminium, Tin, and Special Alloys of Aluminium. 


An investigation of the strength of aluminium, tin, and certain 
special alloys of aluminium were made by S. R. Leonard and— 
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J. H. Schnepel in 1895, the results being given in the accom- 
panying table. This investigation gives the strength and other 
properties of pure aluminium, in either cast or rolled specimens, 
and of various alloys with tin, copper, and other metals. The 
scale of hardness employed is the same as that at the Water- 
town Arsenal and is proportional to the cube of the indentation of 
a certain pyramidal punch under a standard load of 4,400 pounds. 
The strength of the aluminium tin alloys with from 2 to 10 
7 per cent. tin show a slight maximum at about 6 per cent. of 
tin; they are, as a rule, however, weaker than pure aluminium 

, and of little practical value. 
7 The copper aluminium alloys, on the other hand, show a 


. decided increase in strength, as compared with pure aluminium, 
due to the addition of small percentages of copper. Thus, in 
the cast specimens, pure aluminium has a strength of slightly 
over 12,000 pounds, while an alloy containing 7 per cent. copper 
7 has a strength of more than 50 per cent. greater. The rolled 

; specimens show proportionately as great an increase. 

. The alloy marked SCA, which contains 75.7 per cent. of 
. : aluminium, 3 per cent. of copper, 20 per cent. of zine, and 1.5 
5 of manganese, is an excellent casting metal, having a strength of 
of over 35,000 pounds per square inch, and a specific gravity 
: slightly above 3. It has, however, very little ductility. 
- An alloy containing 96.5 per cent. aluminium, 2 per cent. 
7 copper, and 1.5 per cent. of chrominium is very little heavier 
than the pure aluminium, and has a strength of 26,310 pounds 
per square inch. 

The tensile strength of commercially pure aluminium, which 
is understood to be over 99 per cent. pure, has been found to 
vary in different samples obtained from the manufacturers from 
about 12,000 to 15,000 pounds per square inch. This difference 
is thought to be due to mechanical structure by the manu- 
facturers, and it has been noted that in the last two years the 
strength of the samples has run quite uniformly near 15,000 
pounds per square inch. 

_ The general investigation of the subject indicates that all the 
, alloys of aluminium, at ordinary temperatures, possess little 
elongation whenever the aluminium is in excess of the other 
ingredients, but that many of these alloys possess great strength, 
low specific gravity, and are admirably adapted for use in 
making castings. 
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The following tables give the strength and other properties 
of various aluminium alloys, as referred to above. 


CHARACTER OF ALLOYS. 


COMPOSITION AND REMARKS. 


\l Cu. Tin. 


per c’t. | p.c. | p.c 


1 


3 


4 
1 


| 2S 


STRENGTH POUNDS PER Sq. INCH. 
TENSION. TRANSVERSE. 


Elastic. Max'm. Elastic. Max’m. 


4,000 
6,250 


12,055 
18,555 
385,075 


2,345 
9,000 25.250 
23,420 


19,000 26,310 


2.150 8,622 | 
2,400 
2,250 
2,000 
1,750 


Mopvutus or ELasticity. 


RESILIENCE. 
Les. Per Square Incn. 


Incu— Las. 


Mark. 
Tension 


Tension, (Modulus) 


Transverse 


verse 
(Actual) 
8.385.000 8,440,000 
11,115,000, 8,065,000 
A. 9,685,000 8,060,000 


XG 


9,780,000 10,110,000 
10,000,000 
9,505,000 10,380,000 
10,449,000 10,595,000 

10,070,000 


9,850,000 9,813,000 


DISCUSSION. 


SPECIFIC 
GRAVITY OF 
SPECIMEN. 


Hardness 
(Relative) 


Ten- 


sion. 


Trans. 
verse. 

2.670 
2.830 
3.117 


2.654 
2.810 
3.055 


tor 


cnx 


Mr. Henry Souther.—Professor Carpenter has 
ment in regard to one of the copper alloys, and 


2 
7 


| Mark. 
| 3 | .. |20¢ Zinc., Ma 
P, 100) | 1 inch bars.....)| 12,500 17,185 17,154 
= XB 98 I -..-.| 9,000 18,647 13,720 
= XB 98 18.870 
2 XD 9% 300 | 
TAXB 96.5 i¢ Chrominiun. 1,313 
| Spe 
| 
5.62 10.93 | 3.61 
= 1.00 8.08 12.87 
.15 | 1.77 |85.56 
P, 7.4 34.8 | 8.49 38.30 | 7.12 
XB 4.75 | 17.0 |19.49 '89.02 | 6.79 
XD 5.0 41.0 | 3.62 10.10 12.42 
TAX 56.0 1.31 1.78 14.09 
made a state- ae 
also in regard a 
ot 


ALLOYS. 


to this alzine, which, if taken just as made, seems to me of great 
value ; that is, “ that they will not tarnish on exposure to air.” 
I have been searching for alloys which do not tarnish, and have 
found that copper and nickel, copper, aluminium, and _ nickel 
itself, and aluminium itself, all tarnish. To be sure they do not 
rust and go to pieces, but they do tarnish so much that it is 
necessary to clean them. I would like to ask Professor Car- 
penter if these alloys are not subject to the same slow change 
of color. 

Professor Carpenter.—I am very glad indeed to have my atten- 
tion called to that statement. The metal tarnishes just about 
the same as tin or aluminium does; that is, it loses its lustre 
after a time and then seems to remain in a permanent condi- 
tion. 

Mr. I. H. Suplee.—In regard to this matter of tarnishing, 
about which Mr. Souther has spoken, there have been lately in 
France a number of experiments made with an alloy of nickel 
and steel of much higher proportion of nickel than ordinarily 
made, which shows a very low degree of change of length for 
change of temperature, and it is claimed to retain a polish for 
avery long time. You probably know of Guillaume’s experi- 
ments. The alloy is about 36 per cent. of nickel and the balance 
of steel, and it has so very low an expansion coefficient that it 
It will 


scarcely vary at all under the ordinary atmospheric changes. 


has been suggested to use it for measures of length. 


The tests of temperature were made by immersing the bar in 
water and then changing the temperature of the water, and 
after that the polished bar was taken out and simply allowed 
to lie without being turned up, and did not lose its polish in 
three or four months. 

Professor Carpenter.—1 should say that this metal will hold 
its polish three or four months very nicely, but after that it 
begins to get dull. 

Mr. Charles W. Baker.—We already know that what is known 
as aluminium bronze, with about 90 per cent. copper and 10 per 
cent. aluminium, is an alloy of excellent qualities, although it is 
rather difficult to work. I would like to ask Professor Carpen- 
ter if he found anything in his researches which has led him 
to think that the addition of tin to this alloy (which is practi- 
cally what his best compound of aluminium, copper, and tin 


involves) improved the metal in any way. I would also inquire 
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whether the best alloy of aluminium and zine, which he de- 
scribes, could be worked when heated, so that it could be rolled 
into plates, rods, ete., or stamped and drawn like brass. 

Professor Carpenter.—In relation to the working of alzine we 
have found out from recent experiments that if it is heated to 
about 400 degrees it becomes quite ductile and works quite 
readily under the hammer, and I think will prove to be in con- 
dition to be rolled. Experiments are in progress for rolling at 
that temperature. If it is heated higher than that it becomes 
brittle ; it does not seem to reach the ductile point until it gets 
to about that temperature. . 

I would say that the addition of tin to the copper-aluminium 
alloys does not seem to have given especially good results as 
a general thing. Aluminium and tin do not seem to alloy well 
together, nor is the alloy of any particular value ; and the addi- 
tion of tin to the aluminium-copper alloy is only of advantage 
in increasing ductility. The aluminium-copper alloy, which is 
about 85 per cent. copper and 15 per cent. aluminium, is fully 
as strong, and my recollection is that it was two or three thou- 
sand pounds stronger per square inch for tensile strength than 
the aluminium-tin copper alloy. But the latter was a little more 
ductile, and we thought, on the whole, possibly a little better 
for many uses, since it can be more readily worked. 

Mr. Thos. R. Almond.—1I would like to ask Professor Car- 
penter if he can tell us anything about the porous condition of 
the surface in the specimen of alzine seven inches in diameter. 
[ notice there is a porous condition reaching, perhaps, an eighth 
of an inch below the surface. This may possibly be due to 
gases which came in contact with the surface of the metal. Is 
there any way which you have tried to avoid this? The surface 
is what is most needed to be solid in finished work. 

Professor Carpenter.—The specimen which was handed around, 
and to which Mr. Almond refers, was cast simply in a sand 
mold—poured right into the sand; and I think possibly that the 
porosity near the outer edge is due to cooling strains. We have 
had less difficulty with this metal than with brass in making 
sound castings and in having them free from pores. We have 
used it extensively when pores would be found if present. 

Mr, Almond.—Was it been cast with a very high riser, so as 
to give pressure ? 

Professor Curpenter.—We have hala plate half an inch thick 


| | | 
* 


under 5,000 pounds liquid pressure per square inch, without the | 
least indication of porousness ; that is the highest pressure we 
have had on any castings. In that case there was about 25 
inches of surface exposed to the pressure, but the extreme edge 
of that casting was not exposed. 
found. You must understand, of course, that I am talking about 


castings made in a college workshop, which has no skilled men, 


No porousness whatever was 


dhe casting being done by students who have had all their train- 
ing in our foundry. Consequently the results that we get are 
not as good, I think, as should be obtained in other foundries. 
We have made no castings with sprues larger than 6 or 5 inches. | 

Mr. Almon’.—We usually find the porous condition nearer 
the centre. The solid part of the casting is more likely to be 
at the surface, owing to shrinkage in cooling. In the metal 
shown the porosity would seem to be due to the absorption of 


gases which come from the sand. 

Professor Carpenter.*—I should have to answer the question _ 
simply in the light of our experience, and that is that we can 
make sounder castings with this metal than we can with brass. 

The specimen to which Mr. Almond refers is a section of a 
pig of this metal cast in sand, without any sprue head, and is 
about 4 inches in diameter. I attributed the small checks near 
the outer edge to the fact that the outside cooled much sooner 
than the centre, and that finally the shrinkage of the centre 
mass caused the outside to check somewhat. It is quite cer- 
tain that there is no especial difficulty in getting sound castings, 
even when they are very thin, with this metal. 

Since writing the article, a method of rolling and drawing 
this metal has been perfected, there being no especial difficulty 
at a temperature of about 400 degrees F. 

My attention has recently been called to the fact that many 
foundrymen have very little skill in mixing metals, by several 
failures which have been made in attempting to make the simple 
aluminium-zine alloy, as described. For that reason I shouk 
advise those who desire to use it, to correspond with the Pitts- 
burg Reduction Co., at Pittsburg, Pa., from whom I believe it 
can be obtained at cost prices. 
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WHAT IS THE HEATING SURFACE OF A STEAM 
BOILER ? 


CHARLES WHITING BAKER, NEW YORK CITy. 
ad (Member of the Society.) 


Ir is a fact which is now generally understood by engineers and 
all who have to do with steam power plants, that the power of — 
any boiler, or more accurately the amount of steam which it can 
furnish in a given time, depends first of all upon its area of heat- 
ing surface. Of course the amount of steam which a square foot | 
of heating surface will produce} varies between very wide limits, — 
and is affected by a multitude of conditions. It is also true that 
heating surface is no more essential than the means for supplying ~ 
the heat—that is to say, a furnace of sufficient size and grate | 
surface to burn the fuel, and draft sufficient to supply the furnace 
with the necessary air. 


The furnace and the chimney, however, 
are not necessarily parts of the boiler at all; their function is 
merely to supply the heat, and the function of the boiler proper 
is to transfer as much as possible of this heat to the water which — 
it contains. Both the amount of heat which it can transfer in a 
given time and the proportion of the total heat generated 
which can be transferred vary with the area of the heating sur- 
face exposed. In other words, both the capacity and the econ-_ 
omy of a steam boiler depend directly upon its area of heating = 
surface. 


Evideutly, then, the area of the heating surface of a boiler 
ought to be determined with a fair degree of accuracy. The 
designer of the boiler must know it, if, with any degree of preci- 
sion, he is to adapt the boiler to the work which it has to do. The 
seller of boilers must know it, if he is to be sure of fulfilling his 
guarantees of capacity or economy ; and the purchaser of boilers 
should know it, in order to determine what he is getting for his 


* Presented at the Niagara Falls meeting (June, 1898) of the American 


Society of Mechanical Engineers, and forming part of Volume XIX, of the 
Transactions. 
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money. Asa matter of fact, a very large proportion of the boilers 
bought and sold are actually bought and sold by their heating 
surface. The prices asked for and quoted may be the price per 
horse-power, but the horse-power is determined directly from 
the heating surface, the number of square feet allowed to a horse- 
power varying from 5 to 14, according to the type of the boiler. 
Again, in comparing the work done by different boilers, the rela- 
tive heating surface is always taken into consideration. 


We need go no further for proof that accurate determination 
of boiler heating surface is a desirable thing. But we have now 
to notice the remarkable fact that in computing boiler heating 
surface, an error of from 7 to 17 per cent. is made by a large pro- 


portion of steam engineers and boiler manufacturers. The error 
to which I refer consists in taking the surface in contact with 
the water, instead of that exposed to the fire or hot gases, as the 
heating surface. If the heating surface is flat, of course the areas 
are the same ; but boiler heating surface is in most cases made up 
of tubes, and the difference between the interior and exterior 
surface of a boiler tube is as much as 17 per cent. of the interior 
surface in the case of a l-inch tube and is about 7 per cent. in a 
4-inch tube. 

The error arises in the first place from a failure to appreciate 
the fact that the heating surjace exposed to the fire is the actual heating 
surjace of the boiler, on which its capacity dep» nds. A el ar under- 
standing of this fact is so important, and it has been and is so 
generally mistaken by engineers and writers of engineering works, 
that the writer ventures to submit a discussion of the elementary 
principles on which this assertion is based. 

In Fig. 144, suppose we have an iron plate 1 inch thick, on one 
side of which is flowing a current of hot gas at a temperature of, 
let us say, 1,000 degrees, and on the other side is a body of water 
in a steam boiler at a temperature of 300 degrees (corresponding 
to a gauge pressure of steam of about 52 pounds). 

Now the heat in passing from the hot gas on the side of the 
plate to the water on the other meets with three different resist- 
ances as follows: 

(1) Resistance in passing from the gas to the surface of the 
plate. 

(2) Resistance due to the passage through the plate. 

(3) Resistance due to the passage from the other surface of the 


plate to the water, | 
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That one of these resistances which is accurately known is (2), 
the resistance in the passage through the plate. The heat con- 
ductivity of metals has been carefully determined by experiment 
in physical laboratories, so that if we know the actual temperatures 
‘ of the two surfaces of a plate and its thickness, we can at once 


determine how much heat is passing through a unit area in a 

given time. On the other hand, if we know how much heat is 
_ passing through the plate, we can determine what is the difference 
of temperature of its two surfaces. Let us solve an example of 
latter. sort Suppose the plate is transmitting heat enough to 


evaporate 3 pounds of water per hour from and at 212 degrees 
per square foot of its area, or about the average rate that the 


q 
heating surface transmits heat in an ordinary stationary boiler. 


"Since 965.7 heat units are required to transform a pound of water 
at 212 degrees into steam at the same temperature, the plate will 
transmit 3 x 965.7= 2,897.1 heat units per square foot per hour, or 
for convenience Jet us say 2,900 heat units. 

Now experiments on the conductivity of metals have shown 

that an iron plate 1 foot square and 1 inch thick whose opposite 
surfaces are kept at a uniform difference in temperature of 1 
degree Fahr. will transmit in an hour 473 British thermal units.* 
Hence to transmit 2,900 British thermal units per hour, the dif. 
ference in temperature of the two sides of the plate will be 2,900 = 
473 = 6.13 degrees. 

IT doubt not it will surprise many to learn that so small a 
difference of temperature between the two surfaces of an iron plate 
is sufficient to cause so large an amount of heat to flow through 
it; but the coéfficient for the heat conductivity of iron on which 
it is based is the result of many experiments by the most eminent 
physicists, and is accepted as correct by the best scientifie au- 
thorities, and there is no reason to doubt its accuracy.+ 

In studying our present problem, however, the exact accuracy 
of the coéfficient is a matter of no particular importance. We 
just found that boiler heating surface 1 inch thick, when 
transmitting 2,900 heat units per hour, will have a difference of 
temperature on its two sides of 6.13 degrees Fahr. But we never 


* See Ganot’s ‘‘ Physics,” 13th ed., page 378. 

+ Many engineering text-books and pocket-books still quote Rankine’s 
formula and Peclet’s coéfficients for heat conductivity ; but the latter have been 
found by the more careful research of modern physicists to have been largely in 
error, 
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have heating surface of such thickness in steam boilers. The 
shell heating surface in internally fired boilers is seldom over 
g-inch thick. Furnaces and fire boxes are made of }inch to 
é-inch plates, while tube heating surface is from ;'y to {-ineh thick. 
We see then that the actual difference of temperature between 
the two surfaces of a boiler tube transmitting heat at the rate 
already named will be from { to ,|, of 6.18 degrees, or in round 
numbers from 2 degree to less than 1 degree Fahr. As the emi- 
nent physicist Lord Kelvin has said, for all practical purposes, 
.we may consider that the heating surfaces of steam boilers con-_ 


duct heat as if they were no thicker than paper, or as if the metal 
were of infinite conductivity. It will be seen also that an error 
of 50 per cent., or even of several hundred per cent., in determin- 
ing the coéfficient of conduetivity of iron, even if such an error 
were probable, would make no practical difference in this con- 
clusion. 

There are many facts of practical importance to be drawn from 
this. For example, in its light we can readily see how litile 
reason there is to expect any greater economy in locomotive 


boilers with brass or copper tubes and fire boxes than in those 
of steel. Yet we still hear the superior conductivity of copper 
urged as areason why English railways stick to the use of copper 
fire boxes. 

Turning again to Fig. 144, we know now that the two surfaces of 
the plate, (if we conceive its thickness reduced to that of an 
ordinary boiler tube,) will have only a trifling difference of tem- 
perature. Next let us diseuss the relative heat-absorbing powers 


of the water on the one side of the plate and the hot gases on— 
the other. It is to be kept clearly in mind that the temperatures 
of the two sides of the plate which we have just considered are 
the temperatures of the skin of the plate itself, which is quite a 
different matter from the temperature of the air or the water in 
contact with the plate. 

If this is clearly understood, it will be easy to understand that 
the actual temperature of the plate itself depends on the relative 
heat-transmitting power of the fluids on its two sides. If these 
finids were the same on the two sides, and were at the same 4 


perature and under the same conditions as respects mobility, 
then the plate temperature would be a mean of the temperatures 
of the fluids on its two sides. But in the case shown in Fig. 144, 
since water is many times as efficient as air or furnace gases in 
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absorbing heat, the plate temperature will be nearly the same as 
that of the water and far below the temperature of the hot 
guises. 

This is a fact which is a matter of common knowledge ; and 
yet it has been overlooked by many engineers and by engineering 
writers ; and because it has been overlooked is one main reason 
why engineers have not always insisted on the fire side of tubes — 
being considered the heating surface of steam boilers. 

Let us review some of the facts which show the relative heat- 


(| 


HA 
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absorbing power of water and vases : Take an iron rod and heat 
it to redness, then let it be held still with only the air in contact — 
with it, and see how long a time elapses before it is cool enough 
to be touched. Ileat the rod to redness again and then plunge 
it in water and again note the time before it can be touched. We 
lave then a very rough approximation of the relative heat-ab- 
sorbing powers of air and water. 


Again, experiments have been conducted to determine the tem-— 
peratures to which a metal plate could be heated when one side ly 
was in contact with water. The temperature was determined by © 
inserting in it plugs of various fusible alloys, and the fire side of 
the plate was then subjected to the most intense heat that a 


powerful blow-pipe could produce. So long «as the water side 
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of the plate was clean, it was impossible to melt the fusible 
plugs. * 

The most striking illustration, however, which the writer has 
ever seen of the large heat-absorbing power of water, as compared — 


with air, was an experiment conducted by him for another pur- 
pose some years ago. A vessel having a single vertical tube of is 
about 2 inches diameter was filled with cold water (45 degrees to | 

50 degrees Fahr.); the hot gases froma large oil lamp or a Bunsen 
burner at a temperature of some 1,000 degrees or more were then y ; 
passed up through the tube. The surface of the tube exposed to 
the hot gases was kept so cold by the water on the other side — 
that drops of dew were condensed upon it from the hot gases, and | 
the interior of the tube became actually coated with dew, which ’ 
remained until the water was warmed to about 60 degrees. I 
advise anyone who may not be convinced as to the enormous ed 
heat-absorbing power of water as compared with gases, to try — 

this simple experiment. 

It is very easy to understand why water should have so much 
greater heat-absorbing power than air. The specific heats of 
water and air are as 1 to 0.23 for equal weights; but since air at 
ordinary temperatures weighs only g}y as much as an equal vol- 
ume of water, if we consider a thin film of air in contact with a 
hot surface and a film of water of equal thickness and area in 
contact with a similar hot surface, the water would absorb 3,530 _ 
times as much heat as the air if the temperatures of each were 
raised an equal amount. Again, the relative heat conductivities 
of water and of air, according to Lord Kelvin, are as 40 to 1. On 
the other hand, in the transmission of heat from a surface to a 
fluid, the mobility among the particles of the fluid, whereby 
fresh portions of it are constantly brought in contact with the 
surface, is a matter of great importance, and in this respect air, of 
course, has a considerable advantage. 

The writer has been unable to find any trustworthy figures for 

_ the relative heat-absorbing power of air and water; and the prac- 


*It may be well to point out that this method of determining the maximum 
temperature reached by the plate is subject to more or less error on account of 
the obstruction to the passage of heat from the plug to the metal of the plate 
(the plug being merely embedded in the surface of the plate and not passing 
entirely through it), Any joint between two metal surfaces interferes with heat — 
conductivity just as it does with electrical conductivity. The amount of inter- 
ference depends upon how intimate the contact is between the metals, the amount 
of oxides (if any) between them, etc. a 
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tical importance of their accurate determination would be trifling, 
for we know in a general way and from the examples already 
cited that water absorbs heat very many times more rapidly than— 
air, so many times that in the ease of a thin metal plate, such as a 
boiler tube, transmitting heat from furnace gases on the one side 
to water on the other, we can be quite certain that the tempera- 
ture of the metal plate is at most only a few degrees warmer than — 
the water in contact with if. 


In other words, in avy steam boiler with clean heating sur- 
faces we can assume the temperature of tlie fire side of the heat- 
ing surface to be practically the same as that of the water in the 
boiler. Perhaps it may be 1 degree more; perliaps it may in 
some cases be 20 degrees, or possibly 30 degrees, more. The 
difference is of no practical importance, since in the few cases — 
where so large a difference as 20 degrees or 30 degrees may pos- 
sibly exist, the temperature of the fire to which the surface is | 
exposed is greater by probably 2,000 degrees or more than the 
temperature of the plate. 

If, now, it is clear that the fire side of the boiler tube or flue is’ 
at practically the same temperature as that of the water in the 
boiler, the reader will have little difficulty in comprehending that — 
this surface, and not the surface on the water side, is the real 
heating surface of the boiler, which measures its capacity of 
making steam. 


~ 


The great resistance to the flow of heat in any steam boiler is 
in getting the heat from the hot gases into the surface exposed 
to them. Compared with this, the resistance to the passage 
through the plate and the resistance to the passage from the 
plate into the water are mere trifles. If we increase the surface 
exposed to the hot gases, we shall increase the capacity of the 
boiler to absorb heat; but if we leave this surface the same and — 
increase the surface exposed to the water, the amount of heat 
transmitted in a given time will be practically the same. 

The case can be made still more clear perhaps by an analogy 


to the flow of water through pipes. If we have a length of Linch 
pipe, connected to two lengths of 12-inch pipe, and allow water to 
flow through them under a head, it is clear that the flow will be 
determined by the resistance of the l-inch pipe. If we enlarge | 
that, we shall enlarge the flow; but if we leave that alone and 
enlarge either or both the 12-inch pipes, the flow will be practi- 
unchanged. 
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The area of the fire side of the tube is what determines the 
-heat-absorbing power and the steam-making capacity of the boiler. 
If we can cause this to take up more heat in any way, we shall 
increase the power of the boiler. The Serve tube, with its ribs 

extending into the hot gases, increases the interior surface of the 
‘tube, and thus its eapacity for absorbing heat. If, however, 
instead of putting ribs on the fire side of the tube, we put them 
on the water side, we increase the surface exposed to the water, 
‘but we make no increase of any practical importance in the 
‘amount of heat transmitted. In a similar way, the curved form 
of the tube, which causes the surface exposed to the water to be 
greater than that exposed to the fire (in fire-tube boilers), effects 
no inerease in the amount of heat transmitted. The real heating 
surface, which determines the amount of heat transmitted, is the 
‘surface exposed to the fire. 

In the preceding discussion it has been supposed that the 
heating surfaces were clean on both sides. As a matter of fact, 
heating surface is almost invariably more or less coated with soot 
or ash on the fire side and with seale on the water side. If the 

preceding discussion has been carefully followed, it will be clear 

that the transfer of heat will be much more interfered with by the 

a> k deposits on the fire side than by deposits on the water side. To 

use again the analogy of the water pipes, a half-closed valve in 

_ the 1-inch pipe would have far more effect than a half-closed valve 

te in the 12-inch pipe. It is no part of the purpose of this paper to 

excuse lack of care in keeping boilers free from scale ; but it is 

nevertheless quite certain that a thin seale on boiler tubes does 

not interfere in any noticeable degree with the capacity or economy 

of a boiler, while the coating of the fire side of the tubes with a 

floceulent deposit of soot does certainly interfere in a marked 

degree with a boiler’s steam-making capacity. Of course, a thick 

scale on the water side of tubes or other heating surface, or any 

other material which acts as a non-conductor, may considerably 

_ obstruct the flow of heat. If it does this, the temperature of the 

: heating surface itself will at once be raised, and may reach a point, 

as happens sometimes with the shells of externally fired boilers 

and with the furnaces of marine boilers, where the metal may be 
so heated as to bulge or buckle. 

It may be worth while in this connection to administer a pune- 

ture to that hoary fraud which has been repeated in technical 

literature and trade catalogues “ad nauseam.” I refer to a table 
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purporting to give the loss of economy in per cents. for each 
jy7inch of seale upon the heating surface of a boiler. In view of 
the fact that there are many varieties of boiler seale, varying widely 


in porosity and heat conductivity, and remembering that the 
thickness of scale in different parts of a boiler is never uniform, 
it hardly needs the discussion above to show the utter absurdity 
of this ancient “ fake.” 

Another deduction of practical importance from the fact just 
set down, is that so far as the transmission of heat after the boiler 
is making steam is concerned, the circulation of the water in 
boilers is of a good deal less consequence than has been some- 
times claimed. Ido not mean by this that it isnot worth while to 
make proper provision for cireulation. There are possibly some 
parts of boilers worked with forced draft, such as the tube-plates 
of marine boilers, where it is so difficult for the steam bubbles to 

get away fast enough that we lave a mass of foam instead of 
water in contact with the plate. Under such conditions, of course, 
the plate is bound to be heated ; but I know of no evidence that 
| this is any other than a rare occarrence, even in boilers which are 
pushed most severely. If anyone is inclined to stick to the old 
hobby that circulation is of great importance to economy, I ad- 
—_ him to consider the conditions in the narrow water space 
(about 3§ inches wide) around a locomotive fire box, where the 
steam rushing up is directly opposed by the water going down. 
Tat it be understood that I am referring to circulation only as 
affecting the transfer of heat and the consequent economy and 
eapacity of the boiler. Good circulation is desirable to prevent 
unequal heating of the boiler, and consequent straining, and it 
may be of service in preventing deposits of scale and mud in places 
where they are least desirable ; but that it has any appreciable 
_ effect on economy and capacity is not proved, and probably can- 

not be. 

It has been demonstrated above that the surface exposed to the 
fire is the real heating surface of a steam boiler. Is there any 
good reason why this should not be generally adopted by en- 
gineers as the correct, and the only correct, method of computing 
heating surface ? 

The following are some reasons, good or bad, which are likely 
to be urged against this : 

1. The makers of fire-tube boilers will claim that this gives the 
water-tube boiler makers an advantage. With the same number 
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of tubes in a boiler, of the same length, the water-tube boilers can 


show 7 to 11 per cent. greater heating surface. This is of course _ 


true; but is it not an advantage to which the water-tube boilers 
are fairly entitled? It must be remembered that nowhere in this 
discussion has it been claimed that there was any fixed heat 
transmitting value for heating surface. On the contrary, it is en- 


tirely certain that a square foot of heating surface in one type of | 


boiler may have double the heat transmitting power of an equal 
areain another. Again, the relative facility with which heating 
surface can be cleaned of soot and ash counts for a vast deal, more 
than most steam users are accustomed to think. It certainly 
seems that the makers of fire-tube boilers have enough valid argu- 


ments to offer for their product without demanding the privilege 


of overstating their heating surface by 7 to 11 per cent. 


2. Another argument offered for the use of the exterior surface 


as the heating surface is that this makes a given boiler show a 
larger heating surface than if the interior were taken. However 
much the argument may appeal to boiler mavufacturers—and [I 
hardly think they will take it very seriously—it deserves no 
weight with engineers. A foot rule is no longer for calling it 13 
inches. 

3. It is urged that practice is and has in the past been fairly 


uniform in accepting exterior area as the heating surface, and it | 


is best to stick to a uniform practice, even if it be in error, than 


to change. If the practice were actually uniform, there might be 


reason in this argument; but while the majority of engineers 
probably use the exterior surface of tubes in computing heating 
surface, there is a very respectable minority which insists on the 


correct method of computation, and this minority shows no signs | 


of decreasing. 
4. As the outside diameter of the tube is even inches and the 


thickness of tubes varies, it is easier to compute the exterior | 


heating surface than the interior. Probably this is one of the 
principal reasons why tlhe outside surface has so frequently been 
taken ; but in these days of tables and pocket-books and aids to 
computations, so trifling a matter as computing the interior area 
of a tube ought not to be an excuse for perpetuating an error. 
As a matter of fact, it will generally be less labor to do this than 
it is to figure the cost of the tubes with the numerous series of 
discounts which are frequently found on hardware bills in these 
days. 
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It appears to the writer that none of the arguments which have 
been cited in favor of computing the exterior surface of tubes as 
their heating surface are sound enough to justify engineers in per- 
petuating this error. If, however, for the sake of uniformity or 
ease of calculation, it should be thought best to use the exterior 
surface of tubes in computing heating surface, the fact that 
this is not the real heating surface ought to be kept clearly in- 
mind. Misconeeption and wrong ideas on this point have been 
responsible for not a few mistakes and absurdities in the design 
of steam boilers. 
DISCUSSION. 


Prop. S. W. Robinson.—The entire resistance in passing from — 
the hot gases to the water includes that in getting the heat from 
the gases into the plate, the resistance of the metal of the plate 
itvelf, and finally the resistance in passing from the plate to the 
water. The resistances in passing through the plate and from — 
the plate to the water are comparatively small. It is probably 
well known that in analyzing the case we treat of the three 
resistances, but in the final formula for practical use all the 
resistance is dropped from the formula except the resistance in 
passing from the gas into the metal. 

Mr. Gus C, Henning.—I would like to discuss the point whether 
the plates are all heated the same on the fire and the water side. | 
If we have a straight, flat surface, the fire acts on the sheet uni- 
formly. It begins to eat away the sheet exactly where the scale 
has been broken off of the sheet. Where there is still some 
seale the sheet is not eaten away as rapidly as at the adjoining 
points, and if put in service the sheet will wear that way unless = 
there are some soft spots in the sheet. 

With respect to the other point, “ whether the sheet is heated — 
uniformly through and up to the temperature of the steam on the 
other side,” I want to point out these facts: Boilers are not 
like flat sheets ; they have seams and rivet heads. In firing up, 
the boiler gets pretty hot inside, and the edge of the lap becomes 
actually red hot and the rivet heads sometimes show redness, 
provided there is a plate on the back of it so that the heat does” 
not go directly into the water. At points of the fire side away 
from the edge of seam the sheet will not be red hot, but the > 
temperature will be uniform. But if you look into the furnace © 
of a locomotive boiler or any boiler which has a pretty hot fire, 


j 
- 
. 


582 WHAT IS THE HEATING SURFACE OF A STEAM BoILER? 


you will find that these rivet heads are positively red hot on the 
extreme top, and the edge of the overlapping seam is red hot. 
One result is that after a boiler has been in service for some time 
—especially a locomotive boiler—the edge of plate is split from 
the rivet out. The other day I saw a boiler which had exactly 
one-fifth of the rivet holes cracked from the rivet out to the 
edge. That is produced by the fact that the sheet was red hot. 
These rivets were driven in so as to plug the hole thoroughly, 
and had expanded the metal a little bit. When the metal gets 
red hot it is so much softer than the body of the rivet inside, 
that it will simply burst the edge of the sheet. Sometimes 
those cracks extend beyond the other side of the rivet, causing 
leakage. Any one can see that the top of head of the rivets is 
red hot, if blue glasses are used; some can see it without, of 
course. It can be seen that some stay-bolt heads are red hot, 
and by looking into a furnace that has been running for some 
time, these heads will be seen to have been burnt off. I mean 
in a case where a proper head has been put on a stay-bolt. 
There is no question about the edge of lap, because a look into 
a locomotive boiler shows edges of these seams red hot. There 
is no question that when they are red hot and water is on the 
other side, the temperature on the fire side will be much higher 
than on the water side. I do not deny that the fire side ought to 
be the heating surface for caleulation, but at the same time 
there is a great difference of temperature in the different parts 
of sheets of the boiler according to where it is measured. In 
my previous statement, which Mr. Baker did not understand, 
we have another thing. The boiler on top was arched by brick, 
which absorb the heat very rapidly, and at the bottom the shell 
is in contact with fire ; but it is not that which produces the ex- 
pansion of the boiler ; it is the change of shape. 

Mr. Chas. W. Barnaby.—I am very much inclined to doubt Mr. 
Henning’s blue glasses. I think he must have got some red 


ory 


glasses on by mistake. I have frequently looked under boilers and — 


noticed that the rivets did look red hot. But I always attributed 
it to the reflection of the fire—a sort of a red glow. There is 
frequently a red glow over everything at sundown. In the same 
manner the red glow of the furnace fire is reflected from the 
rivets. I do not think it would be possible under any conditions 
of fire, under any ordinary thicknesses of metal, and ordinary 
construction, placing of rivets, ete., to get the outer end of the 
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rivet red hot or to a point anywhere near approaching a 
heat, with water against the inside. Of course, if the boiler 
badly sealed it might be different, and you might get the sheet 
red hot. We know that they do get red hot in some cases, as is 
shown by the occasional bagging down of the shell over the fire. 
[f the rivets and edge of the sheet really did get red hot, instead — 
of the cracking of a shell at the rivets being a comparatively 


rare exception it would become a rule, and I think you would — 
find it on every boiler. As a rule, where you find those cracked — 
sheets you can make up your mind it is due to one of two things : 
the boiler has been allowed to get very dirty, or else it has been 
made of very poor material. 

Mr. T. W. Hugo.—I would like to ask the gentleman who spoke 
if he has ever found those cracked sheets without an accom- 
panying elongation of the rivet hole. I have come across a 
great number of cracked sheets, in our country, and invariably 
found a rivet hole out of shape. In a great many cases the 
cause of the deformation of the hole could be traced directly to — 
the pull of the sheet, resulting from the corrugation of the plate 
when overheated through an accumulation of dirt or some oil; 
but in every case the crack in the plate from the rivet hole to 
the edge has been accompanied by an elongation of the rivet 
hole, and my conclusions were that they were due to the ex- 
traordinary pull or strain thus put on the sheet under abnormal 
conditions ; and where those corrugations or some other mark of 
overheating did not appear, I blamed it on the severe initial - 
strains due to poor workmanship. 

Mr. E. D, Meier.—1 think myself that my colleague Henning has 
made a mistake in supposing that he saw those rivet heads red 
hot. I have often looked into the inside of a locomotive boiler 
and I have never seen them red hot. I think you would be apt 
to be misled, for this reason—there will be always a great amount 
of soot and ash collected on those rivets, and that will glow. 
That may possibly get red hot, and that will assist the optical 
illusion—the reflection from the fire itself. I do not think if 
you were to suddenly deaden the fire that you would see any- 
thing red hot in the locomotive boiler. It is true that not so | 
much the rivet heads as the outer plate will be hotter than this _ . 
inside plate. That is proved by the long experience on the 
Mississippi River and its tributaries, which has shown that it is vr 
not safe to carry the metal more than of an inch thick; and 
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latterly, since they have been using steel altogether instead of 
iron, they have increased that to ;‘) of an inch. But anything 
thicker will be apt to burn out on the laps. No doubt the scale 
has something to do with that. The presence of scale has 
quite an influence. It depends, of course, on the kind of seale. 
Anything that will prevent the water from actually touching the 
metal on the inside is going te have that effect. Now a very 
thin oil film, so thin that you can hardly measure it, will have 
more effect than | of an inch of hard scale. Why? Because 
the scale always will permit some water to get through it. It 
is always soaked with water. But the oil will not. Another 
point in regard to the circulation : I agree fully with the author 
of this paper as to the desirability and the correctness of taking 
the outer surface of the tubes—that is, the fire surface of the 
tubes ; I should say the inner surface in the case of fire-tube 


boilers, and the outer surface in the ease of water-tube boilers. 
The fire surface of the tubes is the heating surface. But he 
errs when he says that the circulation has nothing to do with 
it. It has everything to do with it. His own illustration shows 
that. Take that illustration of the blacksmith who thrusts a 
rod into a tub of water to cool it; he never holds it steady, he 
moves it about. Why? Because the moment that a film of 
steam or hot water forms on it it will not cool so quickly. Take 
again his illustration of the locomotive boiler. Has any one 
ever seen a locomotive boiler standing idle on the track, or on 
skids in a shop, do as much work as it will when it is in motion, 
when every bubble of steam is shaken loose as soon as formed ? 
The same with a marine boiler. You cannot get as much work 
out of a marine boiler on shore as you can on a vessel. The 
circulation has everything to do with it. That is the life of a 
water-tube boiler, and that is the reason the water-tube boilers 
are everywhere in the lead. The circulation brings fresh water 
right to the point where it may draw off the heat, and I think 
the circulation on the other side is just as important. If you 
have simply dead heat there you won't get as much out as if 
you had the heat constantly sweeping through, so that the first 
volume of hot gas is swept away as soon as cooled, and a fresh 
volume takes its place. 

Mr, William Garrett.—As T understand it, the paper we are 
diseussing just now is, “ What is the heating surface of a steam 
boiler?” We are drifting into the subject as to whether or not 
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a rivet gets red hot under a steam boiler. In reading this 
paper I thought the main object of the author was to settle a 
long dispute between the fire-tube and the water-tube boilers, 
as to which of the two boilers had the more heating surface. 
Another thing he wanted to impress upon our mind is that it 
is necessary for a manufacturer to know the heating surface of a 
boiler before he can know what he is getting for his money; and 
one would infer that the man who buys a boiler with the greatest 
heating surface gets the most for his money. Now I differ 
from the general way of looking at these things, that the heat- 
ing surface of a boiler is everything that is required to show its 
merits, and I want to tell a little story in connection with this 
which will make my reason plain. A little boy who lived on a 
farm took a great interest in raising chickens. His parents en- 
couraged him in this, built him a chicken coop, gave him some 
eggs and hens to start with. One day there was quite a fuss in 
the chicken coop, and the boy’s mother looking over the fence 
saw Johnny was in the act of setting a hen upon some eggs. 
His mother said, “ What are you doing, Johnny?” He replied, 
‘l am trying to set this old hen.” ‘ Why, Johnny,” said the 
mother, “ you've got too many eggs. Let me see; you've twenty- 
four there ; why, thirteen are enough.” “I know that,” said 
Johnny, “ but I want to see the old hen spread herself.” Now, 
there was a larger heating surface in the twenty-four eges than 
in the thirteen, but of what use was that, seeing that the heat- 
ing capacity of the hen was only equivalent to thirteen eggs? and 
I believe that boiler men are running somewhat riotous in the 
direction of heating surfaces of boilers, and not paying as much 


attention as they should to the heating surface that can be applied to 
a boiler. It is results that manufacturers look for, and one of the 
most economical things I know of in this direction, that of ob- 


taining results from a boiler, was what I saw on the other side 
of the water, where they had a heating furnace applied to a 
boiler (one of our well-known water-tube boilers). They fired 
this furnace by hand, and the results they obtained were as fol- 
lows: weighing the amount of coal they consumed and the 
quantity of water they evaporated, they found they evaporate 
eight pounds of water to one pound of coal; and the boiler gave 
its full rating as to horse-power capacity, and at the same time 
heated the material in proper shape to roll. This I think is 
the basis upon which boilers should be bought. 
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Mr. Suplee.—I think Mr. Baker is in error as to the small 
value of circulation. The ordinary method in the laboratory of 
determining specific heat is to heat a piece of metal and put 
it in water. We heat a piece of metal of a definite and 
known weight. We plunge it into the water and we note the 
rise of temperature of the water. Now it is utterly impossible 
to get correct results in determining specific heat in that man- 
ner unless you have an agitator; and the laboratory instrument 
for that purpose is made so that the water can be agitated 
rapidly and the temperature can be noted to rise until the water 
has circulated and practically every particle of water has come 
in contact with the metal. Lately Mr. Yarrow has made a num- 
ber of experiments which were presented, I think, before the 
Institute of Naval Architects in London, concerning the effect 


a of circulation on his water-tube boilers, and there, by the intro- 


duction of diaphragms in the lower drums and delivering 
the water into the outer rows of tubes under pressure, he suc- 
ceeded in increasing the evaporation very materially by fore- 
ing the circulation. I think the figures rose to three, four, 
possibly five per cent. in the result, according to whether he 
assisted the circulation or allowed it to work out its own sal- 
vation. 

Mr. W. W. Bird.—With regard to the question of the tempera- 
ture of that part of the shell of a boiler which is exposed to the 


fire, 1 would say that from observations made in connection with 


experiments with various devices for preventing smoke, we 
have concluded that not only is the surface of the shell on the 
outside at about the temperature of the inside, but that there is 
a film or layer of gas in contact with this surface which is also 
at a comparatively low temperature. A small rod was intro- 
duced through a piece of pipe which protected the rod so that 
only the end was exposed at the desired point, and in this way 
a rough estimate was made of the temperature in different parts 
of the furnace, with the conclusions as stated. 

Mr. LaForge—There seems to be one view of this matter 


which has been left out of the discussion altogether. It isa 


well known fact that a water tube boiler, or a plain horizontal 
tubular boiler, will run but a very short time before the upper 
side of the wateretubes is covered with a certain amount of 
ash, and the lower side of the return fire tubes are carrying a 


certain amount of ash in the bottom. Now, what proportion of 
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these tubes is it proper to consider as heating surface? In 
illustration of this point, 1 will state a little experience that I 
have had with a Hazleton boiler, which may be of interest. The 
boiler was running under about 125 pounds of steam, when a six 

inch nipple blew out of its upper head. After the boiler had 
cooled down, I found that the water showed in the bottom of the 
glass water gauge, but on examination I found that the water had 
been out of two or three of the lower rows of tubes, the bottom 
side being burned, but where the ashes lay on them they seemed 
to be all right. 

Prof. \. W. Robinson.—I think that attention should be called 
to this matter of strength of red hot rivet heads. In calculating 
the strength of a boiler we allow certain metal to resist the 
pressure, but T do not think it is customary to take that resist- 
ance on red hot metal. If the metal gets red hot tor a con- 
siderable distance along a seam it would be very likely to fail, 
since there is a considerable strain under two or three lhiundred 
pounds modern pressure of steam. I think it would be rather 
dangerous business for people to be around in the neighborhood 
of a red hot boiler. I think a boiler should be so constructed 
that the metal sheets will not become red hot, on this score 
alone, of strength of the shell of the boiler. 

Mr. Henning.—Those cracks always occur on account of some 
previous defect of the material, either by punching or drifting, — 
or by caulking the edge, but they do not occur on the water 
side of the seams except in rare instances, but they occur in a_ 
vreat many cases on the fire side. That is such a well known 
fact, that if you look into any locomotive boiler (I don’t care 
whether it has been in service two weeks or two years) you will — 
find some cracks. If the boiler is heated up in the shop just 
for a trial you will find some such cracks. Whether the sheet 
has been wrinkled or the hole has been drifted or simply 
punched without reaming, you will always find those initial a 
cracks. I have seen some few on the water side, but that was | 
due to bad workmanship which should not have been tolerated. 
But the contact of fire with the sheets develops those cracks, _ 
and it is such a well known fact that I did not think I ought to 7 
bring it up in connection with the present paper, because I was 

simply talking of the conduction of heat from the surface 
through the sheet. I did not mean to say that the fire really 


caused those effects, but the fire simply developed them. But I 


‘ 


do not want it understood that I said that those cracks were 
initiated by the heat. They are initiated by bad workmanship 


mainly; sometimes by bad material, and the heat on the fire 
side of a double seam like that develops them. 


| The dotted line shows 
!| the line of fracture. 


Old rivet 


Fie, 145, 


Mr. Jas. Me Bride.—Since the discussion has turned upon cracks, 
perhaps some of the members would like to know when they do 
get a crack of that kind how to close it. In a couple of boilers 
I have, there was great trouble with the fire box sheets crack- 
ing. They would crack from the rivet out to the outside edge, 
run in on the sheet as much as two inches, and leak very badly. 
Of course it would be very expensive to throw away the fire box, 
so I repaired it in this way (Fig. 145): I drilled the rivet out, 
which of course goes through the two sheets. IL took the rivet 
out, reamed the hole out true, and tapped it with three-quarter 
inch pipe tap. I plugged the hole and drilled another hole here, 
plugged it with a soft steel plug, and on each side of this, drilled 
another hole about a quarter of an inch into the first one. I 
continued that process until I had drilled out all of the crack, 
out to the edge of the sheet. Those holes all tapped with half- 
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inch pipe tap and a soft steel plug screwed in as tight as it 


could be screwed, the square head was then sawed off true on 
the outside. Into each of these plugs I drilled a three-eighth 
inch hole. I did not drill through the plugs, understand, but 
nearly through and reamed them, tapering. I then made 


tapered pins of steel, and drove them into the plugs as hard as I 
could drive them, and have never had a leak ginee. I fixed 
four or five cracks in that way, and they are perfectly tight. 

Mr. [lenning.—I would like to give a little simpler method of 
doing that, which is the rule adopted by the French railroads. 
If you see a crack on the inside of a rivet, drill a little hole at 
its end and put a little plug in and caulk the crack either side 


a of the rivet. If you can get on the inside, do the same thing 
there. But it may become necessary to put a patch on the 
whole business. But the first thing is to stop the crack by 


drilling a smooth, round hole, and then it won't continue. 

Mr. Latorge.—I would like to ask you how much stronger it 
is after you do that than before. 

Mr. Henning.—\t is not a matter of strength. There is al- 
ways an excess of strength in the seam, so that that is not 
the question. Of course a boiler is always weaker when it has 
cracks. Therefore, when the crack gets very bad a patch is put 
on it. 

Colonel Merer.—I will say that I do not believe any such 
cracks ever occurred from bad workmanship or from the heat. 
It was no doubt bad material; for which reason, when I find a 
number of cracks like that occurring (referring to blackboard), 
though I think that is a very skillful and very ingenious method — 


of repairing— but I take such a sheet out and condemn it, be- 
cause I know that the material of the plate is worthless. Ido 
not believe any cracks have ever occurred, even where the sheet ; 
is simply punched, where the material was of the right sort, 
ind with the kind of steel that we can get for boilers in the 
United States, there is no excuse for it. It may be different in 

Mr. Henning.—I was talking of Otis steel, which I believe is © 
pretty good. 

(vlonel Meier. think that is a grave mistake to buy steel of 
ony kind by the brand. It should be bought from specifications, 
oud subject to careful tests. I know that unless you test your — 
‘eel, not only physically but chemically, you are never sure 
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of what you are getting, no matter what brand is stamped 
on it. 

Mr. MecBride-I was obliged to throw away one set of fire 
boxes, and they were made of Otis steel. 

Mr Barnaby.—-I would like to ask Mr. Baker a question. He 
says that according to late and good practice, butt joints are 
used with covering plates. He did not just say so, but coming 
in connection with the discussion of the effects of fire on rivets 
and lap, I take it that he means that they are used on the fire 
surface of boilers. I weuld like to ask if he knows of any case 
in good practice where a butt joint, with inside and outside coy- 
ering strips, was placed next to the fire, or even a double-rivetted 
lap joint. We had one specification that called for a double- 
rivetted girth seam on an externally fine boiler, but the specifi- 
So we submitted it 
to them, and they instructed us to notify the purchaser that 


cations also called for Hartford insurance. 


they would refuse to insure the boiler if it was made with a 
double-rivetted girth seam. 

Mr. FW. Dean.—I am very glad to see a paper on this sub- 
ject brought before the Society, because it is time to check an 
evil which has existed for many years, and which seems to be 
spreading. It is one of the functions of the American Society 
of Mechanical Engineers to check erroneous ideas and dissemi- 
nate correct ones, and therefore it should be emphatic on this 
subject. 

In my diseussion of this paper I shall chiefly quote a por- 
tion of a former paper of mine on this subject before another 
society. 

In the case of water tube-boilers nobody thinks of calling the 
inside of a tube the heating surface. The practice with this 
type of boiler is correct, and the discussion is not a criticism of 
the makers and users of them. 

In deciding which surface shall be employed, it is necessary 
I define it as the 
surface, of whatever kind, in contact with the source of heat, 


to consider what heating surface really is. 


and by source of heat I mean the hot gases evolved by the process 
of combustion. The tubes are a necessary medium between the 
gases and the water, and it is they which extract the heat from 
the source, and merely transfer it in a more or less perfect man- 
ner to the water. They represent the water, so to speak. For 


this reason, viz., that their fire side takes the heat from the 
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source, their fire side, or inside in fire-tube boilers, should be 
used in computing heat surface. 

In considering this matter, if the tubes stored up heat from 
the gases and then gave it off to the water, there might be an_ 
argument in favor of the outside surface. The capacity of a 
tube, however, to give its heat to the water is so enormous and _ 


so far in excess of its power to take heat from the source, that, 
as is well known, its own temperature is about that of the water. 
This is very clearly shown by the behavior of the Serve inter-_ 
nally-ribbed tube, for so perfectly does this tube give up its heat. 
to the water that the ribs suffer no harm from overheating. 

A further consideration of the Serve tube will assist in mak- 
ing this matter clear. This design adds to the fire surface of 
the tube, and not to the water surface. If the water surface “wa 
considered, a boiler fitted with Serve tubes is rated only equal 
to one with plain tubes, and yet it has the capacity of a boiler 
of much greater heating surface. By using the fire surface, the 
Serve tube is credited with what in effect it possesses, viz., 
vreater heating surface than the plain tube. 

Consider also the plain tube pushed to an extreme thinness. 
The thinner the tube is, the better will it perform its function. 
If it could be made infinitely thin, a boiler possessing it would 
have its best qualities, and equal to those of a boiler with a 
vreater number of thicker tubes. 

The boiler with the infinitely thin tubes would have its inside 
and outside surfaces coincident, and would therefore have its” 
heating surface equal to the inside surface of the tubes. 

If, now, the outside surfaces of tubes constitute boiler heating 
surface, this surface can be augmented by increasing the thick- 
ness of tubes. This is, however, a means of retarding the 
tlow of heat through the metal of the tube, and, therefore, of 
virtually decreasing the heating surface instead of increas- 
ing it. 

These arguments clearly show to the writer that the outside 
surface is a misrepresentation of the heating surface with fire 
tubes, and that the thicker the tube the greater the misrepre- 
sentation becomes. 

William H. Bryan.—While some of us may not agree alto- 
vether with Mr. Baker in designating heating surface as the 
most important characteristic of a steam boiler, we will neverthe- 
less admit that it is of sufficient importance to make it essential 
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that we define and measure it correctly. Mr. Baker has done 
the profession an excellent service in calling attention so clearly 
to the essential differences between the work done by the fire 
and water sides of boiler tubes. I presume that most engineers 
have—like myself—given the matter very little thought, and 
have jumped at the conclusion that the square foot of surfice 
on the water side which transferred the heat from the tubes to 
the water, was quite as much entitled to be called heating sur- 
face as the square foot on the fire side, which absorbed the 
heat from the furnace gases. If we had stopped to think, 
however, we would have recalled the gain which is made in 
ordinary steam or hot water radiators by simply extending 
the surface by means of pins or other projections, and we 
would also have remembered the improved results which are 
secured by the use of the Serve extended boiler tubes and spiral 
retarders. 

In view of the very clear presentation of, this matter which 
has been made by Mr. Baker, it would seem wise to suggest that 
the Committee on the Revision of the Code for Boiler Trials 
amend their report in this respect. 

Mr. Baker has also done well to emphasize some other facts 
with which most engineers as arule are not familiar. One is 
that the metal plate, if clean, can only be a few degrees warmer 
than the water in contact with it. Another is that the principal 
resistance to the absorption of heat by water is its passage from 
the gases into the metallic plate. Still another is the fact of the 
relative unimportance of scale in detracting from the boiler’s 
efficiency, and the very serious importance of soot in lowering 
boiler efficiency. 

I cannot agree with Mr. Baker, however, in his views as to 
the importance of good circulation in a steam boiler. The fact 
that the more rapidly the water passes over a square foot of 
heating surface the more heat will be given off by that area, 
does not seem to me to be open to argument. My own experi- 
ence in making boiler trials indicates that those boilers in which 
the circulation is most sluggish invariably require more heat- 
ing surface per horse-power. 

It is refreshing to read Mr. Baker’s frank admission that there 
is no fixed heat-transmitting value for heating surface, and that 
one square foot in one type of boiler may do twice the work of 
the same area in another. 
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Mr. Baker.*—I believe it may conduce to sound ideas upon 
the subject under discussion if we come back to the statement 
of some elementary facts. In my original paper I have simply 
stated that given a clean heating surface, of ordinary thickness, 
with water in contact with one side, and the other exposed to 
hot gases, the temperature of the plate will be very little higher 
than the temperature of the water. 

If the heating surface on the water side is not clean, so that 
the heat has to pass through scale, mineral incrustation or a 
coating of grease (all of them poor heat conductors as compared 
with iron), then unquestionably, the temperature of the plate 
will be raised more or less, according to the extent to which the 
flow of heat is obstructed. Again, if the steam cannot freely 
pass away from the surface as fast as it is generated, and if it 
accumulates so that steam instead of water is in contact with 
the surface of the plate, then the temperature of the plate will 
rapidly rise. Still again, if there is a double thickness of metal 
for the heat to pass through, as at the lap of a rivetted joint, the 
flow of heat is obstructed more or less at the joint between the 
two plates, just as the flow of electricity is obstructed by similar 
joints, and we shall have an increased temperature of the plate 
on the fire side. Unquestionably any of these conditions may 
become so bad as to cause the plate to assume a temperature 
far above that of the water in the boiler. But, on the other 
hand, it is one of the purposes of this paper to point out that 
a moderate obstruction to the transmission of heat from the 
plate to the water has little effect on the capacity or economy 
of the boiler. Figures may make this more clear. Suppose 
with clean heating surface and a free escape for the steam, the 
temperature is as follows: Water, 300 degrees; fire side of 
plate, 320 degrees ; hot gases passing over plate, 1,000 degrees ; 
difference between gases and plate, 680 degrees. Suppose, now, 
that either the presence of considerable scale or a film of oil, 
or interference with the escape of the steam bubbles causes the 
temperature of the fire side of the plate to rise to 370 degrees. 
The difference in temperature between the fire side of the plate 
and the hot gases will then be 630 degrees, or only about seven 
per cent. less than in the former case. Of course these figures 
are merely rough estimates of the actual temperatures, but it 
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will also be seen that they might vary between wide limits 
without affecting the substantial accuracy of the conclusions 
reached. 

If this simple statement is carefully followed and thoroughly 
understood, I believe that the correctness of my suggestion, 
that circulation in the boilers is less important than has been 
It may be well to point 
out, however, that the illustrations brought forward to prove 


sometimes claimed, will be conceded. 
the value of circulation are not admissible. In the case of the 
blacksmith’s cooling the red-hot iron in water, we have so great 
a difference of temperature between the iron and the water that 
a film of steam is formed between the two, if the iron is held 
still. 
temperature occur between the iron and the water. 


In steam boilers, however, no such great differences of 
The bub- 
bles of steam tear themselves loose as soon as they are formed, 
and water rushes in to take their place. Mr. Suplee has in- 
stanced the stirring of water in the determination of specific 
heats, etc. This illustration is also not apropos, for the water 
in all such cases is below the boiling temperature. 

It is common knowledge that the greatest temperature strains 
Before the steam 
bubbles begin to form, cireulation is very slow, and although 


in boilers occur when steam is being raised. 


water is in contact with all heating surfaces, the water in some 
parts of the boiler gets much hotter than that in other parts, 
‘ausing corresponding variations in the temperature of the 
plates in different parts of the boiler. 
raised, however, the evidence of temperature strains disappear. 


When once steam is 


The steam bubbles keep the water in constant circulation, so 
that it is at the same temperature in all parts of the boiler. 
The fact that evidence of temperature strains in a boiler dis- 
appear as soon as steam is raised, seems to be good evidence 
that the plates in those parts where the fire is hottest are at 
not much higher temperature than in those parts which are 
not exposed to the fire at all. | 
Concerning the temperature of rivet-heads, it should be noted 
that the heat absorbed by the whole area of the head has to be 
transmitted through the shank, of much smaller section. It 
may be of interest to solve an example to see what will be the 
actual difference in temperature of the surfaces of the 
heads of an ordinary boiler rivet. 
rivet uniting two {-inch plates. The average distance 


opposite 
Suppose we have a j-inch 


between 


= 
a 
~@ 
é 


WHAT IS THE HEATING SURFACE OF A STEAM BOILER? 595 


the surfaces of the two heads may be taken as about 2 inches. 
The area of one head exposed to the fire is approximately 25 
square inches. The cross-section of the shank is 0.44 square 
inches. If we assume that the heat transmission through 
the plates in the vicinity of the rivet is at the rate of 2,900 
British thermal units per square foot per hour, we have (using 
the coefficient of conductivity of iron already given in the paper.) 

Difference of temperature (number of heat units taken up 
from hot gases per square foot per hour + 473) multiplied by 
thickness of plate in inches, multiplied by (quotient of area of 
rivet-head divided by cross-section of shank). 

Or, using the figures already found : 


2900 5 23 


=, t2t 70 nearly. 
io 0.44 


In other words, whatever the temperature of the water side of 
such a rivet may be, its side exposed to a fire of the intensity 
assumed, will be 70 degrees hotter. The above computation 
leaves out of account the conductivity of the plates be- 
tween the rivet-heads, and also some other elements which 
would tend to decrease the difference of temperature just found. 

Mr. Bird's assertion that a thin film of gas of low temperature 
is always to be found next the fire surface of a boiler tube is 
confirmed by my own observations. Where the gases impinge 
against any part of the heating surface, this film is removed as 
fast as formed, and the result is a great increase in the rate of 
heat transmission. 

Mr. Dean’s excellent discussion has evidently been prepared 
with fire-tube boilers only in mind. In the case of water-tube 
boilers, if we suppose a given interior diameter for the tube, it 
is not true that the thinnest tubes would have the greatest heat- 
absorbing power. On the contrary, if we compare two water- 
tube boilers having tubes of the same internal diameter, but 
different thickness, the one with the thicker tubes would have 
the greater heating surface and capacity. 

Some comparisons have been made in the discussion between 
the heating surfaces of boilers and those of condensers, steam 
radiators, ete. It should be carefully kept in mind that the 
conditions are quite different where a metal surface is inter- 
posed between two gases of different temperatures. Here the 
temperature of the metal will be somewhere near a mean be- 
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tween the temperatures of the two gases, but will tend towaed 
the temperature of the one which has the greatest heat trans- 
missive power. J 

In conclusion, since none of those taking part of the discus- _ 
sion have expressed any doubt of the writer’s principal propo- 
sition, that the surface exposed to the fire is the actual heating 
surface of a steam boiler, it is to be hoped that this may be — 
adopted as standard practice by the Society, in accordance with — 
the suggestion of Mr. Bryan, 
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ENPERIMENTS ON CAST IRON CYLINDERS. 


BY C. H. BENJAMIN, CLEVELAND, OHIO. 


(Member of the Society.) 


For several years past the writer has been conducting a series 
of experiments to determine the bursting strength of cast iron 
cylinders under water pressure. In this connection he wishes: 
to express his acknowledgments to Messrs. Clifford, Hale, Allen 
and Wright, who at different times carried out the experiments, 
and by their patient and careful work made it possible to pre- 
sent these results to the public. 

The cylinders used were cast by the Taylor & Boggis Foundry 
Co. of Cleveland, from a special foundry mixture, such as they 
ordinarily use for water and steam cylinders. The metal 
showed a fine gray fracture and a surface close and free from 
holes. The cylinders were cast on end and without the use of 
chaplets for the cores. 

Test pieces cast from the same iron showed a tensile strength 
of about 24,000 pounds per square inch, and a modulus of rupt- 
ure of about 35,090 pounds under a transverse load. 

It may be noted, however, that the first three cylinders tested 
(a, b, and ec in Table I) were of common foundry iron, having a 
tensile strength of about 18,000 pounds. 

The cylinders were of three sizes, six, nine, and twelve inches 
internal diameter, and of lengths approximately twice the 
diameters. 

The flanges and heads were made of extra thickness, that the 
rupture might always occur in the shell of the cylinder. Fig. 146, 
and Table I, show the proportions and dimensions of the various 
cylinders tested. 

The cylinders are arranged in the table in the order in which 
they were tested. Those marked a to / were broken in the 


* Presented at the Niagara Falls meeting (June, 1898), of the American 
Society of Mechanical Engineers, and forming part of Volume XIX. of the 
Transactions. 
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DIMENSIONS OF CYLINDERS. (See Fig. 146.) 
Depth No. of Bolts 
No. A | B Cc dD ¢ — G H I K in 
a 12.16 | 26.05.70 16.25 1.07 1.12|1.0 |... 24 
b 9.16 117.95) .60 13.06 160 
e | 6.09 |12.19;| .50 (10.05) ... | ... 8 
d 12.45/26 5 |.56 |16.2118.25) .12 (1.75 1.85 1.5 
9.12 | 19.0 61 (12 9610.08 .11 15 |1.25 11.25 16 
Sf | 6.12 [18.0 | .65 |10.02) 7.08) .11 | 1.95) 1.00 |1.25 8 
1 | 9.58 | 183 402 13.3310. 83 143 | 14 18 113 16 
2 | 9.875) 182 573 13.13 10.63) 14 1? 113 16 
3 9.13 | 18) 6 12.88 10.358 4 | 1% 13 113 16 
4 12.53 | 253 571 16.4 |13.34) 4 1.34/14 | 48 | 148 24 
5 |12.58 | 258 531 16.5613.56 4 1.34/1,9; | 42 | 143 
6 (12.16 | 258 93 (16.22 138.41 1.18) 13 | 143 | 24 


Norr.—The rough dimensions in this Table are averages from a number of measurements. 


winters of 1895-6, and the remaining six during the succeeding 
winter. 
The cylinders were bored in such a way as to insure a practi- 


eally uniform thickness in each shell, and the flanges were faced 
and counterbored. Steel bolts, having a tensile strength of about 
80,000 pounds per square inch, were used to fasten on the heads, 
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in such numbers as to give an excess of strength and to prevent 
leakage. 

The arrangement of the apparatus for testing is shown in 
Fig. 147. A single-acting plunger pump, with a plunger seven- 
eighths of an inch in diameter, was used for raising the pressure, 


being connected to the head of the cylinder by extra heavy iron 
pipe with bronze fittings. The body of the pump and the gland 
were of bronze and the plunger of machinery steel. For pack- 


ing, washers of belt leather gave as good results as anything 
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which was tried, and but little trouble was experienced with the 
pump itself 

It was found. however, almost impossible to obtain any check 
valves which would work satisfactorily at the higher pressures. 
Numerous types of valves were tried, swing check and drop 
check, metallic face and rubber face, but they all leaked. Either 
minute particles of dirt would get under the valves or the slip 
would be so great as to forbid increase of pressure beyond a 
certain point. 

Following the old adage, “In a multitude of counsellors there 
is safety,” we finally overcame the difficulty in a measure by 
using two valves on each side of the pump, as shown in Fig. 
147. 

To determine the pressure we used a Crosby hydrostatic 
gauge, graduated to 2,000 pounds, located on the pipe close to 


the cylinder. An attempt was made to use a Bristol recording 
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cauge, located on the cylinder head, but the jar of the final rup- — 
ture blotted out all records on the dial. 

Before testing, each cylinder was calipered inside at six differ- 
ent points, three measurements being taken in each of two 
meridian planes at right angles to each other. Gauges, con- 
sisting of hard wood sticks, slightly pointed at the ends, were 
fitted one at each point, and then numbered to correspond. 

After the rupture of the cylinder, the increase in diameter 
was measured by using the same gauges, inserting pieces of 
hard calendered paper between the ends of the gauges and the 
shell, and then measuriug the thickness of the paper with a 
micrometer caliper. 

The deformations as thus measured were very slight, ranging 
from .004 to .012 inch, but no law could be determined. 

Each cylinder was carefully examined for flaws of any descrip- 
tion. If any small blow-holes were found they were filled with 
lead or tin hammered in, and then the surface was covered with 
a coating of paraffine. The cylinders were as free from flaws as 
could be expected. 

Of all the difficulties encountered the most serious was that 
of finding any satisfactory packing for the heads of the cylinders. 
We tried successively brass wire gauze filled with soap, cop- 
per wire, lead wire, soft rubber with graphite, and vulcanized 
rubber. 

The metal gaskets all failed on account of their lack of elas- 
ticity. Although tight at the lower pressures, being compressed 
by the bolts until the soft metal was squeezed into every irregu- 
larity of the cast iron surface, they failed to respond when the 
bolts were stretched by the water pressure, and the water would 
run through in streams. 

This fact is interesting as showing that the initial tension 
caused by screwing up the nuts has no effect on the tension 
under pressure when a non-elastic gasket is used.* 

The tensile strength of the bolts used in these experiments 
was much in excess of the strength of the cylinder, and yet, 
under the comparatively low pressure of 400 pounds to 600 
pounds per square inch, the bolts stretched enough to practi- 
cally relieve the reaction of the gasket. The elastic rubber gas- 
kets failed principally on account of weakness, usually blowing 
out as the pressure was increased. Vulcanizing by heat made 


*See Unwin’s Machine Design, vol. i., p. 152. 
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them stronger but less elastic. Acting on the suggestion of Mr. 
Caldwell, of the Worthington Hydraulic Company, member of 
the Society, we then counterbored the cylinders to a depth of 
about one-eighth of an inch, as shown in Fig. 146; fitted a cireu- 
lar projection on the head closely to the counterbore, and intro- 
duced at Wa gasket made of straw-board soaked in boiled lin- 
seed oil. The straw-board was eut to fit the counterbore, 
thoroughly saturated with the oil, and then allowed to stand 
several hours before being put in position. 

Allowing the gasket to harden for twenty-four hours after 
screwing down and before putting on the water pressure is an 
additional safeguard. 

It is probable that the counterbore had as much to do with 
the success of this method as the material used for packing, but 
the gasket must be elastic to insure tightness. In one or two 
instances where the projection on the head was of slightly less 
diameter than the counterbore, the packing blew out. 

Another serious difficulty was encountered in the presence of 
minute blow-holes in the shell of the evlinder. Some of these 
were almost invisible to the naked eye, but as the pressure rose 
the water would spurt in slender streams to a distance of several 
feet, in such quantity as to render further increase of pressure 
impossible. The only remedy in such cases was to peen the 
interior surface slightly with a round hammer and then coat it 
with paraftine. Even then the water would ooze from the iron 
at every pore as if it were in a violent perspiration. 

Before beginning each experiment the air was forced out of 
the cylinder through a small vent at the top. The pressure 
was then gradually applied until rupture occurred. It was 
found impracticable to make any measurements of the exterior 
diameter during the test, the changes being so very minute. 

The following is an abbreviated log of the experiments : 

Cylinder (a).—Wire gauze packing; leaked at 400 pounds. 
Substituted copper wire No. 22, A. W. G.; this leaked at 600 
pounds. Substituted soft rubber gasket; pressure carried to 
800 pounds several times. Leak at blow-hole stopped by peen- 
ing. On raising pressure to 7/5 pounds eylinder failed on a 
circumference just below the upper flange, the crack starting at 
blow-hole and running each way about {0 degrees. 

Cylinder (b).— Gasket of lead fuse wire diameter with 
ends fused together. Leakage at pressure of 450 pounds, and 
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the flange cracked. Substituted rubber and graphite pack- 
ing; leak at crack with pressure of 600 pounds; no further 
rupture. 

Cylinder (c).—Rubber and graphite packing inserted, heated to 
250 degrees Fahr. by live steam; bolts screwed down and pack- 
ing left one day to harden. Leaked badly at 600 pounds; 
renewed packing, but it leaked again at 550 pounds. Flanges 
showed signs of failure, and experiment was abandoned. 

Cylinder (d).—Counterbored joint, with gasket of straw-board 
soaked in linseed oil. Leakage at blow-holes with 700 pounds 
pressure. Blow-holes peened and coated with paraftine, when 
pressure was raised to 800 pounds several times. One blow-_ 
hole calked on outside; on applying pressure of 700 pounds 
rupture occurred on longitudinal line through blow-hole. (See— 
Fig. 148.) Several small blow-holes found in line of fracture. 

(e).—(On this and all subsequent cylinders the counter-— 
bore and straw-board gasket were used.) Pressure raised grad- 
ually to 1,325 pounds, when rupture occurred on circumference 
under flange. (See Fig. 149.) The crack began at point marked 

in figure, where there were several small blow-holes. 


(Yylinder  f).—Pressure raised gradually to about 2,500 pounds 


(above graduation of gauge), when cylinder failed in same man- 
uer as preceding one ; cylinder leaking badly at time of rupture. 

Cylinder No. 1.—Broke at 600 pounds on a longitudinal line 
along a row of blow-holes, the crack starting at the mark « in 
eut. (See Fig. 150.) 

Cylinder No, 2.—Broke at 1,050 pounds around a cireumfer- 
ence just under flange, the crack beginning at point marked x 
ineut. (See Fig. 151.) Fracture very clean. 

Cylinder No. 3.—Broke at 975 pounds in the same manner as: 
No. 2, the crack beginning at the point marked x in Fig. 152, _ 
where there was a slight flaw. Fracture clean, as shown in the 
figure. 

(Cylinder No. 4.—A number of small blow-holes near the centre 
of shell (shown by arrow in Fig. 153) caused considerable trouble 
by leakage, and had to be calked inside and out. Rupture 
finally oceurred at 700 pounds pressure along a longitudinal 
line, as shown in the figure. 

Cylinder No. 5.—Rupture occurred at 875 pounds, a crack 
starting under the flange, running part way around and then up 
through flange and head. 
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Fig. 151. 
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Cylinder No, 6.—At 475 pounds pressure the bottom head— 
broke, as shown in Fig. 154. On renewing this and raising pres- 
sure to 900 pounds, the top head failed in the same manner. 
These heads had been used for several cylinders, and were 
probably weakened. The test was abandoned at this point for 
lack of time. 

Great pains were taken in casting these cylinders, and they 
may be considered good examples of cast iron cylinders as made 
for engine or pump work. The blow-holes mentioned were most. 


Fia@. 153, 


of them very minute, and under ordinary circumstances would 
have remained unnoticed. 

Before summarizing the results of these experiments we will 
notice some of the formulas which have been proposed fo 
steam engine cylinders of cast iron. 

Let 7d = diameter of bore in inches. 

p = pressure in pounds per square inch. 
t = thickness of shell in inches. 
s = tensile strength in pounds per square inch. 
The ordinary formulas for thin shells are : 
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For stress around circumference : 
pd 


Foy stress along element of cylinder : 


/ 

é 4? 

Van Buren’s formula for steam cylinders is : 


Fig. 154. 


A formula which the writer has developed in his “ Notes on 
Machine Design” is somewhat similar to Van Buren’s. 

Let s = tangential stress due to internal pressure; then by 
equation 


pd 
x 


Yt 

Let s’ be an additional tensile stress due to distortion of the 
circular section at any weak point. 
Then if we regard one-half of the cireular section as a beam 
* See Whitham’s Steam Engine Design, p. 27. 
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fixed at A and 7 (Fig. 155), and assume the maximum bending | 
moment as at (, some weak point, the tensile stress on the outer 


fibres at C due to the bending will be proportional to p by 


the laws of flexure, or: 
Cpa’ 
& — 
where is some unknown constant. 
The total tensile stress at C will then be: 
ea 


Fie. 155. 
tw 


Solving for ¢: 7 
A 16" . . . 


a form which reduces to that of equation (1) when ¢ = 0. 

An examination of several engine cylinders of standard manu- 
facture shows values of ¢ ranging from .03 to .10, with an average 
value : 

= 0G. 

The formula pr oposed by Professor Barr, in his recent paper 
on “ Current Practice in Engine Proportions, ”"* as representing 


* Transactions, A. 8. M. E., vol. xviii., p. 741. 
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the average practice among builders of low speed engines, is : 


GGd + . . « 


In Table II. are assembled the results of the various experi- 
ments for comparison. The values of S by formula (1) are i~ 
ealeulated for each cylinder, and by formula (2) for all those 
which failed on a circumference. It will be noticed that six out 
of nine cylinders failed in the latter way. 


TABLE II. 


| 
FormMuLas Usep. 


No. Diam. Pressure. Thick Line of REMARKS. 
Failure. ~ ‘ a 

ad | t ig ic= 

| 


800 Cireum. 6,940 3,470 .046 Strength of test bar, 18,000 Ibs 
700 .56 Longi. 7,780 ... |.047 Strength of test bar, 24,000 Ibs. 
.61 Cireum. 9,900 4,950 .048 = 
2,500 .65 Cireum, 810 5,900 .055 

600 .402 Longi. 150... .049 
050.578) Cireum. 8,590 4,300 +055 
975 |.596 Cireum. 7,470 3,740 .072 
700 Longi. ,680, ... |.048 
875.521) Cireum. 10,3505,180 .028 


— 


on 


Average of ¢ = .05. 


This appears to be due to two causes. In the first place, the 
influence of the flanges extended to the centre of the cylinder, 
stifiening the shell and preventing the splitting which would 
otherwise have occurred. 

In the second place, the fact that the flanges were thicker 
than the shell caused a zone of weakness near the flange due to 
shrinkage in cooling, and the presence of what founders call ‘a 
hot spot.” 

In some of the cylinders this was quite apparent, the metal 
being porous and spongy near this point. It was found impos- 
sible to reduce the thickness of the flanges without making 
them too weak for the pressure [notice experiments (/) and (¢)]. 

This would indicate the desirability of making flanges of the 
same thickness as the shell and reinforcing them by brackets. 

It will also be noticed that the stress per square inch by 
formula (1) is only about one-third the tensile strength of the 
material as shown by test bar. This is partly due to the effect 
of distortion or bending from lack of uniformity in the metal 
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and its thickness, but principally due to the presence of minute 
flaws and blow-holes. This is only ancther illustration of the 
fact that the strength of a test bar is no index of the strength 
of a casting. 

The stresses figured from formula (2) in the cases where the 
failure was on a circumference, are from one-fifth to one-sixth 
the tensile strength of the test bar. 

The strength of a chain is the strength of the weakest link ; 
and when the tensile stress exceeded the strength of the metal 
near some blow-hole or “hot spot,” tearing began there and 
gradually extended around the circumference. 

Values of ¢ as given by equation (7) have been calculated for 
each cylinder, and agree very well except in numbers 3 and 5. 

To the criticism that most of the cylinders did not fail by 
splitting, and that therefore formulas (~) and (4) are not applicable, 
the answer would be that the chances of failure in the two direc- 
tions seem about equal, and consequently we may regard each | 
cylinder as about to fail by splitting under the final pressure. 

If we substitute the average value of ¢ = .05 and a safe value 
of s = 2,000, formula (4) reduces to: 


4,000 200 1,600 


The conelusions which might fairly be drawn from these ex- 
periments would seem to be: 

1. That cast iron cylinders of the form ordinarily used for 
engines, when subjected to internal pressure are quite as likely 
to fail by tearing on a circumference as by splitting. 

2. That by reason of local weaknesses and distortions the 
cylinder may fail when the stress, as calculated by the ordinary 
formula for thin shells, is only about one-third of the strength 
shown by a test bar. 

3. That the principal cause of weakness is the sponginess of 
metal due to uneven cooling; that to insure good castings the 
flanges should not be materially thicker than the shell; the 
cylinders should be cast on end, and suitable risers provided for 
the escape of dirt and gas and to secure uniform cooling. 

4. That one proof test will give more information than a deal eae 

of computation. 
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DISCUSSION. 


— Prof. Thomas H. Gray.—The question of packing, to which 
Professor Benjamin refers, is one which has given a great deal 
of difficulty to other experimenters. I may say that one very 
satisfactory way of packing a cylinder for internal pressure, 
which applies not only to the case of a steam engine cylinder 
which is practically round and smooth, but applies also to one 
which is out of round, is to place inside the head a cup-leather 
made of sole leather, giving sufficient cupping to give a covering 
to the end of the cylinder. If that cup of leather be properly 
put in, it becomes tighter the higher the pressure. The eup- 
leather will hold a pressure similar to that used in Professor 
Benjamin’s experiments, even when the heads are held by bolts 
which pass from end to end of the cylinder, instead of into the 
flanges, so that the stretch of the bolts gives a considerable 
opening at the end after the pressure is put on. We have a per- 
fectly free cylinder with a tight joint, the flexibility of the leather 
being such that no increase of strength is produced by the 
packing. I only suggest this as a means of overcoming the 
difficulty. I believe the means adopted for steam engine cylin- 
ders is satisfactory. My idea was that Mr. Benjamin wanted 
to test his cylinders under ordinary working conditions. There 
is one point in connection with the breaking of the flanges that 
should not be overlooked. The explanation given is that the 
flanges break off because of unequal stresses in the material, 
due to cooling. There is, however, a very important element 
in regard to the effect of end pressures when we bolt the head 
to a flange, and that is the cross-breaking stress that is brought 
upon the material at the outside in the neck of the flange. We 
are apt to have the flange crack around the neck, which, of 
course, gives a tendency to break off the flange in the first 
place ; but just the direction in which that crack may run is 
pretty much a matter of accident. I think in all probability a 
good deal of the trouble coming from that difficulty would be 
overcome if the flanges were made about the same thickness as 
the cylinder, properly filleted out so as to give a round corner. 
and then a sufficient number of thin brackets brought down as 
Professor Benjamin has spoken of. I think that would be very 
satisfactory for test purposes, but a great many steam cylinders 
do not have those brackets. 
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Mr, H. H. Suplee.—I think one point which Professor Benja- 
min made in the close of his paper, that the work should be 
tested as nearly as possible under the conditions of use, should 
call attention to the fact that these are really short sections of 
pipe and do not represent steam engine cylinders at all. If the 
presence of the slight excess of metal in the flange effects the 
result, it seems to me that the presence of a large mass of iron, 
such as is always included in the steam chests on one side, 
would have a still more marked effect. If you take up the loco- 
motive cylinders, where half of the front of the engine is cast 
in one piece with the cylinder, the mere pressure within does 
not give us the true condition of affairs at all. I believe also 
that it is the practice in locomotive construction to make the 
flanges very much thicker on the cylinder for the purpose of 
causing any break which may take place due to water or a nut 
coming off, to occur in the head, the place where it is most 
easily replaced, and not to break off the flange from the cylinder 
and destroy the whole front of the engine. In that case, of 
course, the question of bending and fracture, as shown, for in- 
stance, in Fig. 151, wouid be very serious. But I think that the 
presence of a mass of metal on the side in the shape of a steam 
chest in the case of a locomotive, or the ports and valve se: na 
in the case of a Corliss cylinder, is such as almost entirely to 4 
change the conditions and make these tests hardly applicable 7 
to the conditions of a working engine. 

Mr. William Kent.—-Professor Benjamin’s paper is a valuable 
contribution to our knowledge of the subject of the bursting 
strength of cast iron cylinders. It furnishes new confirmation 
of the law that “it is the unexpected which happens” when we 
are dealing with cast iron. The unexpected result ‘in this case 
is that if east iron, which in a test bar shows a tensile strength 
of 24,000 pounds per square inch, be cast in the form of cylin- 
ders, which are bored out to diameters of 6 to 12} inches, with — 
thicknesses from 0.40 to 0.65 inch, they will burst under in-— 
ternal pressures which correspond to tensile stresses of from — 
3,740 to 11,800 pounds per square inch, and that only three out i 
of eight cylinders will break in the way they would be expected - ic ; 
to break; that is, by longitudinal splitting. 

While Professor Benjamin’s experiments are of value in callin 
attention to this peculiarity of cast iron cylinders, they do no 
seem to form a sufficient basis for a formula for dimensionin; 
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the cylinders of steam engines. The cylinders he tested had a 
maximum diameter of 12.56 inches, and a maximum thickness 
of 0.65 inch. It is searcely safe to predict from the behavior of 
these eylinders what would be the probable strength of larger 
eylinders. 

I fail to see a good reason for constructing the formula (4) in 
the assumption that there is a “ bending movement as at C, 
some weak point,’ and for the derivation of the average value 
of Cin that formula, 0.6, from a range of 0.3 to 0.10 obtained 
from an examination of several engine cylinders of standard 
manufacturers. If the formula itself is derived from a logical 
basis, it would seem that the constant C should be determined 
from actual bursting tests of several engine cylinders (not mere 
examinations), and such tests it does not appear that Professor 

Jenjamin has made. 

Let us apply Professor Benjamin’s formula (6) to the case of 
three steam engine cylinders, 10, 30, and 50 inches diameter, for 
a pressure of 100 pounds per square inch. 

The formula is : 


pd / 


For the three cylinders the term is respectively : 
( . 


ory 195, 0.375, 0.625 inches, 
and the term, Rey 


200 


adding we have, 
_ - 0.64, 1.405, 3.20 inches. 


0: 5 inches; 


7 Professor Barr’s formula, from average practice, t= 0.05d + 0.3 

inch, gives : 

gi 

t = 0.80 1.30 2.80. 

Th my Mechanical Engineers’ Pocket Book, p. 794, the thick- 

nesses of these three cylinders, calculated from the average 
figures given by eleven different published formulas, are : 

t = 0.76 1.48 2.26. 


My approximate formula, made to fit these averages, is 
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EXPERIMENTS ON CASI IRON CYLINDERS. 
t = 0.0004 dp + 0.3 inch, and the thicknesses caleulated from 
this formula are : tee 
Professor Barr’s formula agrees exactly with mine if, in the 
latter, p is taken at 125 pounds per square inch. 
The eleven formulas above mentioned give the following © 
ranges of thicknesses : 
Minimum ... 0.3: 0.99 1.56. 
Maximum . 1.13 2.00 3.000 


Professor Benjamin’s formula (6 gives for the 5)-inch eylin- 
der a thickness of 3.20 inches, which is greater than that given 
by any one of the eleven formulas, while his figure for the 
10-inch cylinder is much smaller than is given either by Pro- — 
fessor Barr's formula or by my own. For these reasons it does _ 
not seein advisable that Professor Benjamin’s formula (6) should 7 
be adopted as a working formula for dimensioning engine 
cylinders. 

Mr. Charles Whiting Baker. — Professor Benjamin’s paper 
raises some interesting questions relating to an entirely differ- 
ent industry, the manufacture of cast iron pipe. It will be _ 
noticed that in several of the cylinders tested, leakage occurred — 
through minute blow-holes, sufficient to interrupt the test until ‘| 
the holes were stopped by peening or filling with soft metal. 


Now, if cylinders like these have such blow-holes, do not 
similar blow-holes exist in cast iron water pipe? These cylin- 
ders were cast, it is fair to presume, with far more care than is 7 
exercised in any pipe foundry. The thickness of the metal was 
as great as is found in cast-iron pipe of 10 to 30 inches diameter. 
If these cylinders had blow-holes we know of no reason to sup- 
pose that cast iron pipes do not have similar blow-holes. On 
the other hand, we know that very few lengths of cast iron pipe _ 
have to be rejected for leaks under the hydraulic test, and — 

leaks in water mains after they are placed in the ground, which — 
are found to be due to holes through the pipe itself, are quite 
infrequent. It is interesting to inquire the reason for this, and 
the most probable reasons appear to us as follows: In the first 
place, the cylinder castings have the skin of the metal removed 
on the interior of the metal. It is quite likely that the skin of © 
the metal in a cast iron pipe is more solid than its interior. In : 
the second place, all cast iron pipe is dipped in a bath of pro- © 
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tecting coating, which not only covers the surface of the metal 
on both sides, but runs into and fills any small cavities and 
blow-holes that may exist. Further, the coating in any such 
blow-holes is in a large measure protected from the influences 
which tend to destroy or remove the coating on the surface of 
the pipe, and will probably continue to do its duty in keeping 
the pipe tight even when much of the interior coating is worn 
off. Probably very few water-works engineers have ever re- 
flected that water pipe is dipped in a protective coating to make 
it tight under pressure, as well as to preserve it from rust; but 
there seems good reason to believe that this is the case. 

Mr. Benjamin.*—The simple cylinder with flat heads bolted 
to flanges was adopted as representing the conditions obtaining 
in the cylinder of a common slide-valve engine when the steam 
chest, being only on one side and with walls of the same thick- 
ness as the cylinder, has no appreciable effect on the strength 
of the casting. 

I agree with Mr. Suplee that the conditions are entirely dif- 
ferent in the locomotive and the Corliss cylinder. How the 
peculiarities of design in such cylinders would affect the strength 
is merely a matter of guesswork at present, and it is hoped 
that these elementary experiments may be followed by others 
to settle these other points. The experiments cited in the 
paper are only a beginning, and hope next year to test cylin- 
ders with the flanges of the same thickness as the walls, and 
strengthened by brackets. 

Professor's Gray’s remarks with regard to the bending moment 
under the flange are much to the point, but I[ still think that the 
beginning and the direction of fracture are mostly dependent 
on the presence of accidental flaws in the metal. 

The formula proposed in the paper, while it has its “weak 
points” like the cylinder to which it is applied, is quite as logi- 
cal as Gordon’s formula for columns or even Hooke’s law itself. 

That there is liable to be bending at any point where the 
metal is thinner or weaker than elsewhere seems obvious, and 
that this will add to the tensile stress on either inside or out- 
side seems equally obvious. A determination of values of C from 
existing practice was rather to show the variations in that prac- 
tice than to establish a proper value of the constant. 


* Author’s closure, under the Rules. 
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I entirely agree with Mr. Kent that the value of C’ should be 
determined ultimately by experiment, and that is just what we 
are beginning to do. The uniformity of the values of C given 
in Table II. is all that could be expected from so limited a 
number of experiments. 

If formula 4 is logical and should be confirmed by further 
experiment, the comparison made by Mr. Kent would only 
show some of the eccentricities of contemporary engine design. 

A .moment’s study of Professor Barr’s diagram on p. 741 of 
vol. xviii. of the 7’ransactions of this Society will convince one 
that the formula would need to be elastic which should cover 
the curves there shown. 

Whether formula 4 will apply as well to large cylinders as it 
does to small is a matter for further experiment; but it is to be 
remembered that any formula is but a rough guide in the presence 
of new conditions, and a poor substitute for the “critical 

instinct. 
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BY JAMES W. SEE, HAMILTON, OHIO. 


(Member of the Society.) 


Tue special law books deal thoroughly with the subject of 
patents, but such books are too voluminous for use as working 
tools by the members of the Society, many of whom have to do 
largely with patent matters. Again, unfortunately, there are 
certain matters connected with patents which are generally 
ignored by the text-book writers, on the professional theory 
that they involve truisms not calling for discussion. And it 
is on these ignored matters that engineers and manufacturers, 
constantly in contact with the subject of patents, seem often to 
go astray. For instance, it is astonishing how often the in- 
telligent manufacturer expresses an anxiety to get a patent on 
some new product so that he can begin its manufacture without 
danger of infringing upon other patents. The following remarks 
are designed to avoid discussion of controversial points; to be 
generally on the safer side in questionable matters ; to deal only 
with questions on which inventive mechanics and manufact- 
urers ought to be posted for purposes of every-day work with 
inventions ; and to treat the subjects from the practical view of 
the shop, experimental room, and office. The particular points 
herein considered may be briefed as follows : 


Preliminary examinations are of merit in certain cases only, 
Caveats are generally misunderstood, 

Hurried applications are generally unwise. 

Inventions are not easily stolen. 

The first meritorious inventor prevails. 

A patent is not a license. 

Joint invention is often misunderstsod. 7 
Employers’ rights are often misunderstood. a, yy 
Change of purpose is not patentable. 

Combination claims are good claims. 


* Presented at the Niagara Falls meeting (June, 1898) of the American : 4 
Society of Mechanical Engineers, and forming part of Vol. XIX. of the Zrans- — 
actions. 
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Aggregation is not invention. 
Specific claims should supplement generic claims. 
Sub-combinations are patentable. 
The doctrine of mechanical equivalents inures to pioneers. 
Modifications should not generally be set forth in patents. 
Divisional applications are wise and often necessary. 
A superior patent solicitor is not necessarily the best for all classes of cases. 
The contingent fee system is generally but not necessarily bad. 
Infringement cannot always be determined from the face of the patent. 
The Government cannot insure the validity of a patent, 
Patent copies and digests are useful tools. 
Foreign patents should be contemplated with caution, 


Preliminary Examinations. 


If an application is filed for a patent it may become rejected 
on flat references which, if known in advance, might save the 
entire expense of the application. Some months generally 
elapse between the filing of the application and the reaching of 
it for official examination, the inventor during this time being 
in doubt as to where he stands and as to the advisability of 
spending money in promoting the invention. Hence the idea of 
a preliminary examination into the novelty of the invention. In 
some lines of invention it is possible to look up all of the patents 
in that line, and thus get a general notion of the prospects. If 
a flat anticipation is encountered then the matter may be 
dropped. The expense of the preliminary examination is but a 
few dollars, and may be the means of saving the cost of an ap- 
plication and of promptly showing that no further hopes need 
be had. But preliminary examinations are of respectable value 
only when they do succeed in bringing out such flat anticipa- 
tions. If they do not develop anticipating matter it does not 
follow that the exhaustive official examination will not do so. 
No cheap preliminary examination can extend beyond United 
States patents, thus leaving foreign patents and literature and 
pending applications entirely unsearched, nor can preliminary 
examinations contemplate with any satisfactory degree of cer- 
tainty the position which may be taken by the officials as 
regards questions, aside from novelty, of aggregation, non-inven- 
tion, ete. Preliminary examinations can be made only where 
the invention can be searched for in well-defined classes. Where 
the invention is liable to be buried in non-cognate classes, or in 
an enormous number of classes, no reliable cheap examination 
can be made. Many eases occur in which it is impossible to 
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say that anticipations of the invention should be looked for in 
certain classes of patents, and not elsewhere. For instance, a 
given detail of mechanism, invented with special reference to a 
steam-engine governor, might be found in connection with un- 
thought- of textile machinery, or a cord guiding device for a 
steam-engine indicator might be found fully anticipated in some 
patent for the rigging of ships. By “cheap” preliminary ex- 
amination, I mean an examination whose low cost will justify 
its being made for the purpose of possibly saving the expense 
of an application. Even where an invention might be searched © 
for in well-defined classes, slips may occur by reason of broken 
sets of patents in the portfolios of the Patent Office. It has 
often happened that a conscientious search through a given sub- 
class in the Patent Office has indicated a clear field, and that 
the subsequent official examination resulted in a flat reference, 
which belonged in that sub-class and belonged nowhere else. In 
other words this reference should have been found during the 
preliminary examination. But it has developed that the port- 
folio was incomplete. It is the aim of the Patent Office to keep 
them complete and to surround them with reasonable safeguards, 
but rascally searchers, with the desire to save the trifling cost of 
a copy of a patent, are able to abstract copies and leave the 
portfolios incomplete. These portfolios, altogether, contain over 
a half million patents, and there seems no reasonable way to 
insure their constant completeness. With a view to possibly 
saving the cost of an application, and with a view to prompt 
information on which to found hope or despair, it is advisable 
to make preliminary examination in case the invention will fit 
into fairly defined classes of patents, but not otherwise. 
Las 

Many inventors seem to have a notion that a caveat is a pro- 
visional sort of a patent; that it constitutes title to property in— 
inventions ; and that it is a quick and cheap method for securing | 
temporary protection. This is all wrong, for caveats fulfil none 
of these conditions. When an inventor contemplates the pro- 
duction of an invention along a given line, and where he fears 
other inventors might have or get, properly or improperly, 
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plete invention, observing proper formalities, and lodge the 
same in the secret archives of the Patent Office on payment of 
a fee. The caveat term is one year, and may be renewed from 
year to year by the payment of annual fees. No patent will ever 
be granted to him as a result of the caveat. The filing of the 
caveat is no evidence that the caveated invention is new or 
patentable. No examination is made by the Patent Office into 
the novelty or patentability of the subject matter of the caveat. 
The caveat is utterly without effect as regards the rights of the 
public or of other inventors. The sole purpose of the caveat is 
to secure notice to the caveator in case a competing inventor 
applies for a patent, thus giving the caveator an opportunity to 
complete his invention and file his application and establish 
such rights as he may be entitled to. If during the caveat 


5 
period an application is filed by a stranger seeking a patent on 
the subject matter of the caveat, such application will be sus- 
pended, and the caveator will be given notice, and will be given 
three months in which to file a proper application for a patent, 
whereupon interference proceedings will be had to determine 
the question of priority. The caveat will not comprehend com- 
peting applications already on file before the caveat. It is 
advisable to have nothing to do with caveats, but to accomplish 
the caveat purposes by means of an application for a patent, for 
it is only in rare cases that matter can be described in a caveat 
which cannot be put into satisfactory provisional form for the 
purposes of a formal application. The preparation and filing of 
a caveat costs nearly as much as an application; its period is 
but one year without additional fees; it provokes no official 
examination, and therefore gives no notion of the prior state of 
the art, and it can never eventuate in a patent. A formal 
application, made for mere caveat purposes, costs but little more 
than the caveat; it provokes an official examination into the 
state of the art, and thus serves to indicate whether or not its 
subject matter is new and patentable ; it brings about the same 
notice and interference proceedings with any competing appli- 
cant, regardless of whether the competing application is earlier 
or later than the application in question; the application may 
be caused to eventuate in a patent if the matter is patentable 
and in satisfactory form; the application can be delayed within 
reasonable limits while the invention is being perfected ; or in 
the end the application may be abandoned in favor of a later 
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application for the invention in its more perfectec An 
application has a further advantage in the fact that in case of 
interference proceedings it may give the applicant the benefit 
of the senior date of filing, and thus throw burden of opening 
proofs upon his competitor, while in the case of an application 


following notice under a caveat the caveator’s application is 


bound to be of junior date. Briefly, a caveat does nothing that 

an application does not do, and an application does much that 

a caveat cannot do. 
Hurried Applications. 
Many inventors produce an invention and then seek a patent 
without delay, the result often being that the invention is pat- 
ented in half-baked condition and must be followed up by later 
patents on more perfected forms, and that commercial experi- 
ence may prove the invention a failure; and often the premature 
application results in such exposures as will preclude the later 
getting of patents with claims of adequate scope. The only ad- 
vantage of the prompt application is that it enables an inventor 
to ascertain whether or not he is working in an old field. An 
application filed merely for the purpose of ascertaining the state 
of the prior art had often better be allowed to slumber while 
the invention is being mechanically and commercially developed. 
An inventor loses none of his rights by delaying his application 
for a patent. The law gives the inventor a period not exceeding 
two years in which to publicly exploit his invention before ap- 
plying for his patent. He may sell the patented invention by 
the thousands without affecting his rights to the patent, so long 
as he applies for it within two years from its first publication 
by print or sale. During this period he may test the market and 
may improve his invention, and when he applies for his patent 
he may cover the invention in an approved form. Furthermore, 
the effect of the delay has been to give a later date to the patent, 
thus prolonging the date of its expiration nearly two years. If 
infringements develop during the period in question, then it 
may become advisable to avoid further delay in applying for the 
patent. 

An exception should be noted regarding this matter of delay- 
ing the application. There is a class of inventions which might 
be called bubble inventions, or those which will sell for a short 
time only. Toys and advertising devices often come under this 
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head. Such an invention, if put upon the market without 
patent, might provoke enterprising competitors having superior | 
facilities and capable of getting all of the cream off of the busi-— 
ness before the patent could be procured. Such inventions 
should be patented before they are exploited. Briefly, get the 
patent as quickly as possible if the commercial life of the inven- 

t on is likely to be a short one; but, otherwise, delay the applica-— 
tion, within the two-year period of exploitation, with a view to— 
having the patent embody developed improvements, and with a 
view to prolonging the protected period. 


Stealing Inventions. 


Ideas can be stolen from the originator. But there is no 
excuse for inventions being stolen. An idea is not an invention, 
but is merely a hopeful conception of a possibility. The inven- 
tion is the possibility reduced to form. Many men have ideas 
which are mere visions and which never can be given form by 
anybody ; other men have ideas which they would be incapable 
of reducing to form themselves, but which could be reduced to 
form by others if the idea was disclosed. The mere hint or idea 
is of no benefit to the public, and is not the thing which the 
law seeks to reward. The useful invention is the thing which 


is recognized. It is quite common, when a meritorious inventor 
1 


i 


that from me,” when the fact was there was nothing to steal, no 
invention but merely an idea. As an example: Let A, in talk- 
ing to 2, suggest the high desirability of a balloon which could 
go to the moon, B never having thought of the subject before, 
and A never thinking of it again. In a year or two, 7, having 
wrestled with the subject, discloses and patents a system by 


= 
has gotten his patent, to hear numerous men say, “ He : : 


which a balloon carries certain chemical charges acting in con- 
junction with atmospheric elements and rendering it possible to_ 
recharge the balloon with gas indefinitely so that it can go wd 

the moons A will solemnly assert that B stole this invention 

from him, when the fact was that there was no invention until B 

made it. Even if A was able to make the invention, he showed _ 
no disposition to do so. The law rewards him who accomplishes — 
something instead of him who merely suggests the desirability 

of a certain accomplishment. Regardless of who first conceives v 

of the desirability of an invention, he who actually makes the _ 
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invention first is the one entitled to a reward. I the inventor 
of an idea does not wish to be beaten out of the reward, let him 
keep the idea secret and act upon it; and if a competitor ap- 
pears to exist, diligence must be shown in order to prevail 
against the competitor. The idea of an invention, followed by 
occasional and half-hearted attempts to reduce the thing to the 
form of an invention, will not prevail against the meritorious in- 
ventor who, though later to conceive, or even borrowing the 
idea, was the first to reach the goai of practical accomplishment 
which benefits the world. . 

But if an inventor has gone further than the idea, and has 
developed it into an invention, then the only way he can lose 
his rights is to keep it secret, so that he cannot prove that he 
had any rights. The originator of an invention who has reduced 
it to an actual useful invention, and can prove that fact, cannot 
be deprived of his rights. A competing inventor may meet him 
in the patent office with an application, or the competing in- 
ventor may actually get his patent before the meritorious 
inventor has applied for his patent, but if the facts are sus- 
ceptible of proof, the meritorious inventor, after proper inter- 
ference proceedings, will be adjudged his rights and will get his 
patent, and the patent of his competitor will be practically 
void. 

Briefly, then, keep ideas of invention secret, for fear a more 
enterprising man acting on that idea may be the first to actually 
evolve an invention from it; be not so secret as to exclude 
knowledge from friends who may be needed to make proof of 
dates and diligence ; be diligent in reducing an idea to a prac- 
tical invention ; when the idea is reduced to a practical inven- 
tion, avoid secrecy, so as to have ample proof of the fact. en 


patent on the same invention, he is the first invgntor and 
entitled to the patent who has best done his duty by the public 
whose reward he seeks. This duty cannot be measured by any 
fixed standard, and each case must stand largely on its own 
merit. If an inventor has been diligent in pushing his conceived 
invention forward into a condition where it is in a position to 
advance the useful arts, he is not to be deprived of his reward 
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by dilatory earlier conceivers, who have gone only so far as 
mere disclosures or sketches or drawings, or abandoned experi- 
ments or abandoned caveats. Priority of conception must be 
coupled with reasonable diligence. If there is no negligence 
on the part of the first inventor, the second inventor, though 
the first to reduce the invention to practice, will not prevail. 
An application for a patent is construed in law to be a reduction 
to practice. The first inventor is, therefore, either he who first 
conceives the invention and follows it up with reasonable dili- 
gence, or he who conceives later than a negligent inventor and 
first reduces the invention to practice. 

ar A Patent is not a License. 

Many manufacturers labor under the mistaken impression 
that if they patent some new machine they are therefore free 
from the possibility of infringing on other patents. It is aston- 
ishing how common this error is, and how many manufacturers 
are in a hurry to get a patent, in order that they “ may make > 
the thing without danger from others.” An original and meri-_ 
torious patented invention may be dominated by some previous — 
patent. A patented invention may be improved bya subsequent 
inventor, and most inventions are improved from time to time, 
but the improver acquires no rights under the fundamental — 
patent by reason of having improved the fundamental invention. 
You cannot put your saddle on another man’s horse, and thereby 
claim the right to ride that horse. 

And the inventor of the improvement, having exercised the 
talent of invention and having advanced the useful arts, is just 
as much entitled to a patent for his improvement as the funda- 
mental inventor was for his fundamental invention. It might 
be asked if it was not folly to patent an improvement which > 
could not be used in view of a dominating patent. The answer 
is that improvement patents are often as valuable as funda- 
mental patents, by reason of their expanding the market for _ 


the fundamental invention by increasing its capacity or lessen- 
ing its cost. It is true that the owner of the fundamental patent: 
may be the only possible customer for the improvement patent, 4 = 
but it often happens that the improvement is important or even 
essential to the financial success of the fundamental invention. 


Again, it may develop, in course of time, that the fundamental 
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patent is invalid for some reason, and in any event the funda- 
mental patent will expire while the improvement patent is in 


force. we, 
Joint Inventors. 


Where an invention is the result of the joint efforts of two or 
more parties, all the inventors must join in applying for the 
patent. Where an invention is the result of the effort of a 
single inventor he should not join with him anyone who has 
merely exercised mechanical skill in carrying out his instrue- 
tions in developing the invention, or anyone who has joined 
him in a financial or proprietary capacity. In case the skilled 
mechanic has been called on by the inventor in developing his 
invention, and a doubt arises as to whether or not the skilled 
mechanic has or has not exercised some act of invention, doubts 
should be resolved in favor of the skilled mechanic having done 
so, and he should join in the application, the fundamental in- 
ventor securing himself by proper preliminary contract with 
the mechanic, and by deed of assignment under the application. 
Questions of personal pride in connection with patents should 
always give way to legal considerations of the validity of 


patents. 


An invention, to be patented, must be applied for by the 
actual inventor, and in the absence of acts constituting a trans- 
fer, the patent, and all legal ownership in it, and all rights 
under it, go exclusively to the inventor. In the absence of 
express or implied contract a mere employer of the inventor has 
. no rights under the patent. Only contracts or assignments give 
- to the employer, or to anyone else, a license or a partial or 
entire ownership in the patent. The equity of this may be 
appreciated by examples. A journeyman carpenter invents an 
improvement in chronometer escapements and patents it. The 
man who owns the carpenter shop has no shadow of claim on 
or under this patent. Again, the carpenter invents and patents 
an improvement in jack-planes. The shop-owner has no rights 
in or under the patent. Again, the carpenter invents an im- 
provement in window-frames, and the shop-owner has no rights. 
He has no right even to make the patented window-frame with- 
out license. The shop-owner, in merely employing the car- 
penter, acquires no rights to the carpenter's s patented inventions. | 
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But there are cases in which an implied license would go to the 

shop-owner. For instance, if the carpenter was employed on 
the mutual understanding that he was particularly ingenious in 
devising carpenter work, and capable of improving upon the 
products of the shop; and if in the course of his work he 
devised a new and patentable window-frame, and developed it 
in connection with his employment and at the expense of his 
employer ; and if the new frames were made by the employer 
without protest from the carpenter, the carpenter could, of 
course, patent the new frame, but he could not oust the em- 
ployer in his right to continue making the invention, for it 
would be held that the employer had acquired an implied 
license. 

If he could not use it, then he would not be getting the very 
advantage for which he employed this particular carpenter; and 
if he did get that right, he would be getting all that he employed 
the carpenter for, and that right would not be at all lessened 
by the fact that the carpenter had a patent under which he 
could license other people. The patent does not constitute the 
right to make or use or sell, for such right is enjoyed without 
a patent. The patent constitutes the “exclusive” ‘right to 
make, sell, or use, and this the shop-owner does not get unless 
he specially bargains for it. Implied licenses stand on delicate 
ground, and where men employ people of ingenious talent, with 
the understanding that the results of such talent developed 
during the employment shall inure to the benefit of the em- 
ployer, there is only one safeguard, and that is to found the 
employment on a contract unmistakably setting forth the 


understanding. 


If an invention is old, it is old regardless of any new purpose 
to which it is put. It is no invention to put a machine to a 
new use. If an inventor contrives a meritorious machine for 
the production of coins or medals, his invention is lacking in 
novelty if it should appear that such a machine had before been 
designed as a soap press, and this fact is not altered by any 
merely structural or formal difference, such as difference in 
power or strength, due to the difference in duty. The inven- 
tion resides in the machine and not in the use of it. If the 
Soap press is covered by an existing patent, that patent is in- 
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fringed by a machine embodying that invention, regardless of 
whether the infringing machine be used for pressing soap or 


silver. And it is no invention to discover some new capacity 
in an old invention. An inventor is entitled to all the capaci- 
ties of his invention. the 


Combination Claims. 


a Many people have an erroneous notion regarding patent 
claims, and consider the expression “ combination” as an ele- 
ment of weakness. The fact is, that all mechanical claims that 
are good for anything are combination claims. No claim for an 
individual mechanical element has eome under my notice for 
many years, and I doubt if a new mechanical element has been 
lately invented. All claims resolve themselves into combina- 
tions, whether so expressed or not. Combination does not 
necessarily imply separateness of elements. The improved car- 
pet tack is after all but a peculiar combination of body and head 
and barbs. The erroneous public contempt for combination 
claims is based upon the legal maxim, that if you break the 
combination you avoid the claim and escape infringement, and 
this legal maxim should be well understood in formulating the 
claims. If the claim calls for five elements and the competitor 
can omit one of the elements, he escapes infringement. There- 
fore, the claim is good only when it recites no elements which 
are not essential. Many inventors labor under the delusion that 
a claim is strong in proportion to the extent of its array of ele- 
ments. The exact opposite is the truth, and that claim is the 
strongest which recites the fewest number of elements. It is 
the duty of the inventor to analyze his invention and know what 
is and what is not essential to its realization. It is the duty of 
the patent solicitor to sift out the essential from the non-essen- 
tial, and to draft claims covering broad combinations involving 
only essential elements. Sometimes the inventor will help him 
in this matter, but quite as often he will, through ignorance, 
hinder him and combat him. The invention having been care- 
fully analyzed and reduced to its prime factors, and the claim 
having been provided to comprise a combination involving no 
element which is not essential to a realization of the inven 
tion, a new and more important question arises. The element: 
have been recited in terms fitted to the example of the invention 
thus far developed. The combination is broadly stated, but th: 
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terms of the elements are limiting. Cannot some ingenious in- 
fringer realize the invention by a similar combination escaping 
the literalism of the terms of the elements? It is at this stage 
that the claim must be carefully studied. The inventor, or some 
one for him, must assume the position of a pirate, and set his 
wits to work to contrive an organization realizing the invention 
but escaping the terms of the proposed claim. When such an 
escaping device is schemed out, then the defect in the claim is 
developed and the claim must be redrawn. In this way every 
possible escape must be studied so as to secure to the inventor 
adequate protection for his invention. Solicitors find it difficult 
to get inventors to do or consider this matter properly, inven- 
tors being too often inclined to disparage alternative construc- 
tions, the matter being largely one of sentiment founded on the 


love of offspring. The wise inventor will recognize the fact that 


the patent which he proposes to get is the deed to valuable 


preperty ; that the object of the deed is not to permit him to 


enter upon the property, for he can do that without the deed, 


but that it is to keep strangers from entering upon the property ; 


that he desires to enjoy his invention without unauthorized 


competition ; that when the property begins to yield profit it 
will invite competition; that competitors may make machines 
worse than or as good as or better than his; and that he can get 
adequate protection only in a claim which would bar poorer as 
well as better machines embodying his invention. Briefly, then, 
all good ciaims for mechanism are combination claims; the 
fewer the elements recited the stronger will the claim be ; non- 
essential elements weaken or destroy the claim; the claim 
should not be considered satisfactory so long as a way is seen 
ior the escape of the ingenious pirate. 


( ‘ombinations and gations. 


A given association of mechanical elements may be 
uew, but it does not follow that it forms a patentable 
‘ion, for not all new things are patentable. If the new associa- 
‘ion is a combination it is patentable, but if it is a mere aggre- 
«ition it is unpatentable. 


entirely 


associa- 


An association may be new and still 
wll of its separate elements may be old, the act of invention 
‘ying in the fact that the elements have been so associated with 
elation to each other as to bring about an improved result, or 


improved means for an old result. All new machiues are, 


| 
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after all, composed of old elements. The law presupposes that 


the elements are old, and that the invention resides in the pecu- 
liar association of them. If we take a given mechanical ele- 
ment, recognized as having had a-certain capacity, and if we 
then similarly take some other mechanical element and employ 
it only for its previously recognized capacity, and if we then add 
the third element for its recognized capacity, we have in the 
end only an association of three elements each performing its 
well-recognized individual office, and the entire association per- 
forming only the sum of the recognized individual elements. 
Such an association is a mere aggregation, a mere adding to- 
gether of elements, without making the sum of the results any 
greater in the association than it was in the individual elements. 
It is simply adding two to one and getting three as a result. An 
aggregation is unpatentable. As an illustration, a heavy marble 
statue of Jupiter is found in the parlor and difficult to move. 
Ordinary castors are put under its pedestal, and it becomes 
easier to move. Modern anti-friction two-wheeled castors are 
substituted for the commoner castors, and the statue becomes 
still easier to move. Castors were never before associated with 
a statue of Jupiter. Here is a new association, but it is a mere 
aggregation. The statue of Jupiter has been unmodified by the 
presence of the castors, and the castors perform precisely the 
same under the statue of Jupiter that they did under the bed- 
stead. There is no combined result, and there is no patentable 
combination. 

But if an inventor takes a given mechanical element for the 
purpose of its well-recognized capacity, and then associates 
with it another mechanical element for its recognized capacity, 
but so associates the two elements that one has a modifying 
effect upon the capacity of the other element, then the associa- 
tion will be capable of a result greater than the sum of the re- 
sults for the individual elements. This excessive result is not 
due to the individual elements, but to the combination of them. 
One has been added to one and asum greater than two has been 
secured. The modification of result may be due merely to the 
bringing of the two elements together, so that they may mutually 
act upon each other, or it may be due to the manner or means 
by which they are joined. In a patentable combination the 
separate elements mutually act upon each other to effect 

modification of their previous individual results, and secure a 
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conjoint result greater than the sum of the individual results. 
The elements of a combination need not act simultaneously ; 
they may act successively, or some may act without motion. As 
an illustration, assume an old watch in which there was a stem 
for setting the hands, and assume another old watch with a stem 
for winding the spring. If an inventor should make a watch, and 
provide it with the two stems, he would have only an aggrega- 
tion. But if he employed but one stem, and so located it that 
it could be used at will for setting the hands or for winding the 
spring, then he would have produced a combination. The particu- 
lar instance just given is not a case of the same number of ele- 
ments producing a result in excess of the individual results of 
the separate elements, but is rather a case of a lesser number of 
elements producing a combination result equal to the sum of the 
previous results of a greater number of elements. A better ex- 
ample would perhaps be a new watch with its two old stems so 
related that either could be used for setting the hauds or for 
winding the spring. 


Genera and S) 


An inventor, being the first to produce a cian commpieatinis 
and desiring to patent it, may see at once a patentable variation 
on the device. In other words, he makes two machines patent- 
ably different, but both embodying his main invention. He 
drafts his broad patent claim to cover both machines. In his 
patent he must illustrate his invention, and he accordingly 
shows in the drawings the preferred machine. The two machines 
represent two species of his generic invention, and for illustra- 
tion he selects the preferable species. He drafts his generic 
claim to cover both species, and he follows this with a specific 
claim relating to the selected species. The question might be 
asked, If the broad generic claim covers the selected and all 
other species, why bother with the specific claim, why not rest 
on the generic claim? The answer is that it might in the future 
develop that the genus was old, and that the generic claim was 
invalid, while the specifie claim would still be good. The in- 
fringer of the specific claim may thus be held notwithstanding | 
the generic claim becomes void. But the inventor cannot claim” 
lis second species in his patent. He can claim the genus, and 
‘ie can claim one species under that genus, but all other species b 
‘aust be covered in separate patents. It is even unwise to illus- 
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trate alternative species in a patent, for, in case of litigation, 
some one of the alternative species might prove to be old. This: 
would have the effect, of course, to destroy the generic claim, 
but it might possibly have the effect of damaging the specific 

claim if it should appear that the specific claim was after all 

merely for a modification as distinguished from a distinct species. 
Were it not for the danger of broad generic claims being 

rendered void by discovered anticipations, there would be no — 
need for claiming species, but in view of such possibility it is 

important to claim one species in the generic patent, and to _ 
tect alternative species by other patents. 


Combination and Sub-Combination. 


A given machine capable of a given ultimate result having 
been invented, a claim may be drawn to cover the combination 
of elements comprised in the machine. Such claim will cover — 
the machine as a whole. But, the fact being recognized that 
many machines are, afier all, composed of a series of sub- 
machines, and that these sub-machines, in turn, are composed 
of certain combinations of elements, and that within these sub- 
machines there are still minor combinations of elements capable 
of producing useful mechanical results, and that the sub- 
machines, or some of the subordinate combinations of elements 
within the sub-machines, might be capable of utilization in 
other situations than that comprehended by the main machine, 
it becomes important that the inventor be protected regarding 
the sub-machines and the minor useful combinations. Claims 
may be drawn for the combinaticn constituting the main 
machine, other claims may be drawn for the combinations con- 
stituting the operative sub-machines, and claims may be drawn 
eovering the minor useful combinations of elements found within 
the sub-machines. Each claimed combination must be opera- 
tive. But secondary claims cannot be made for sub-machines 
or sub-combinations which are for divisional matter or matter 
which should be made the subject of separate patents. 


Mechanical Equivalents. 


Where an inventor produces a new mechanical device for the 
production of a certain result, he can often see in advance that 
various modifications of it can be made to bring about the same 

‘result ; and even if he does not see it, he may in the future find 
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competitors getting at the result by a different construction. 
He analyzes the competing structure, and determines that ‘ it 
is the same thing only different,” and wonders what the legal 
doctrine of mechanical equivalents means, and asks if he is not 
entitled to the benefits of that doctrine, so that his patent may — 
dominate the competing machine. 

An inventor may or may not be entitled to invoke the doctrine 
of mechanical equivalents, and the doctrine may or may not 
cause his patent to cover a given fancied infringement. If an 
inventor is a pioneer in a certain field, and is the first to pro- 
duce an organization of mechanism by means of which a given 
result is produced, he is entitled to a claim whose breadth of 
language is commensurate with the improvement he has wrought 


in the art. He cannot claim functions or performance, but must 
limit his claim to mechanism, in other words, to the combina- : 
tion of elements which produces the new result. His claim 
recites those elements by name. If the new result cannot be > 
produced by any other combination of elements, then, of course, 
no question will arise regarding infringement. But it may be 
that a competitor contrives a device having some of the ele- i= 


ments of the combination as called for by the claim, the remain- 
ing elements being omitted and substitutes provided. The — 
competing device will thus not respond to the language of the 
claim. But the courts will deal liberally with the claim of the | 
meritorious pioneer inventor, and will apply to it the doctrine — 
of mechanical equivalents, and will hold the claim to be in- _ 
fringed by a combination containing all of the elements recited aa 
in the claim, or containing some of them, and mechanical equiv-_ 
alents for the rest of them. Were it not for this liberaldoctrine 
the pioneer inventor could gather little fruit from his patent, 
for the patent could be avoided, perhaps, by the mere substitu- 
tion of a wedge for the screw or lever called for by the claim. 
The court, having ascertained from the prior art that the in- 
ventor is entitled to invoke the doctrine of equivalents, will 
proceed to ascertain if the substituted elements are real equiva-_ 
lents. A given omit‘ed element will be considered in connec- 
tion with its substitute element, and if the substitute element 
is found to be an element acting in substantially the same man- 
ner for the production of substantially the same individual 
result, and if it be found that the prior art has recognized the 


equivalency of the two individual elements, then the court will 
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say that the substituted element is a mechanical equivalent of 
the omitted element, and that the two combinations are sub- 
stantially the same. This reasoning must be applied to each 
of the omitted elements for which substitutes have been fur- 
nished. In this way justice can be done to the pioneer inventor. 
Sut the courts, in exercising liberality, cannot do violence to 
the language of the claim. The infringer will not escape by 


merely substituting equivalents for recited elements, but he will 


escape if he omits a recited element and supplies no substitute, 
for the courts will not read out of a claim an element which the 
patentee has deliberately put into the claim, and a combination 
of a less number of elements than that recited in the claim is 
not the combination called for by the claim. 

It is seldom that the exemplifying device of the pioneer in- 
ventor is a perfect one. Later developments and improvements 
by the original patentee, or by others, must be depended on to 
bring about perfection of structure. Those who improve the 
structure are as much entitled to patents upon their specific 
improvements in the device as was the original inventor entitled 
to his patent for the fundamental device. These improvers are 
secondary inventors, and are not entitled to invoke the doctrine 
of mechanical equivalents. The secondary inventor did not 
bring about a new result, but his patent was for new means for 
producing the old result. His patent is for this improvement 
in means, and his claim will be closely scrutinized in court, and 
he will be held to it, subject only to formal variations in strue- 
ture. The justice of thus restricting the claim of the secondary 
inventor must be obvious, in view of the fact that if the doctrine 
of mechanical equivalents were applied to his claim then the 
fundamental device on which he improved would probably in- 
fringe upon it, which would be an absurdity. It is thus seen 
that the pioneer inventor may have a claim so broad in its terms 
that its terms cannot be escaped; that he may invoke the doc- 
trine of equivalents and have his claim dominate structures not 
directly responding to the terms of the claim; that the second- 
ary inventor, who improves only the means, is limited to the 
recited means and cannot invoke the doctrine of equivalents. 

3ut within this general view, sight is not to be lost of the fact 
that secondary inventors may be pioneers within certain limits. 
They are not the first to produce the broad ultimate result, but 
they may be pioneers in radically improving interior or sub- 
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results, and they may thus reasonably ask for the application of. 
the doctrine of equivalents to their claims within proper limits. 
The matter often becomes quite complicated, for it is sometimes 
difficult to determine as to what is the result in a given machine, 
for many machines consist, after all, of a combination of subor- 
dinate machines. Thus the modern grain-harvesting machine 
embodies a machine for moving to the place of attack, a machine 
for cutting the grain, a machine for supporting the grain at the 
instant of cutting, a machine for receiving the cut grain, a 
machine for conveying the cut grain to a bindery, a machine for 
measuring the cut grain into gavels, a machine for compressing 

the gavel, a machine for applying the band, a machine for tying” 

the band, a machine for discharging the bundle, a machine to 

receive the bundles and carry them to a place of deposit, and a : 
machine to deposit the accumulated bundles. The machine 
would be useful with one or more of these sub-machines omitted, 


and each machine may be capable of performing its own indi- 
vidual results alone or in ether associations. Pioneership of 
invention might apply to the main machine, or to the sub- 


Modifications. 


It frequently happens that an inventor, in applying for his 
patent, can show the preferred structure and lay the foundation 
for broad claims, while at the same time he can see various 
modifications capable of the same result. In such case the in- 
ventor is often desirous of illustrating such modifications in his 
patent, and patent solicitors often yield to the desire. It is 
generally unwise to illustrate and deseribe modifications. The 
claim should be of scope to cover the invention and mere modi- 
fications of it, regardless of whether those modifications are or 
are not set forth, and regardless of whether the inventor has 
conceived of them, so long as they are mere modifications. If. 
he does show modifications, he might in court run up against 
a rule of law that where there is an enumeration the matter is — 
limited to the enumeration. An infringement might employ a 
mere modification not comprehended by the enumeration. Again, 
it is a maxim of law that a mere modification is comprehended 
by acclaim. When the patent is taken into court, it might hap- 
pen ‘that some enumerated modifi ‘ation might be found to be 
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old in the prior art, and in such case the claim would fall. If 
no modification was shown in the patent, then the patentee 
would be at liberty to deny that the given old device was a 
modification covered by his claim, thus possibly having his 
patent maintained for the structure shown in it. If the old 
modification was set forth, then the patentee could not deny that 
it was a mere modification of his invention, and that his so-called 
invention was a mere modification of the old device. There- 
fore, set forth only the preferred form of the invention, and 


depend on the scope of the claims. 


ule Divisional Patents. — 


It may not be possible to cover the several segregable features 


of a given machine in a single patent. The law contemplates a 
patent for an invention and not for a number of inventions, and 
the classification of inventions in the Patent Office, and the 
organization of the examining bureaus, largely control in de- 
termining the matter of divisional applications. A bicycle 
may be invented which is new and patentable viewed as a whole 
structure. In such case the claim would recite all of the ele- 
ments essentially involved in the new organization. But in this 
bicyele the pneumatic tire may of itself be new and patentable, 
and the wheel may be of a novel construction, and the lock-nut 
may be new, and the driving-chain may be new, and there may be 
a new means for securing the joints of the tubing. These matters 
cannot be covered in one patent. The improved tire would be 
viewed as being entirely independent of the peculiarity of the 
bicyele, and would be susceptible of employment on other kinds 
of bieyeles or vehicles; the wheel construction might be em- 
ployed in other kinds of bicycles or in wheelbarrows ; the chain 
might be employed in varying situations calling for the use of 
driving-chains. In the Patent Office the wheel of a bicycle is 
not treated as a bicycle wheel but as a wheel, for any purpose 
for which it may be suited. A bicycle chain is not called a 
bicycle chain, and applications for patents on chains are not ex- 
amined by the examiner who examines bicycle applications 
Lock-nuts constitute a sub-class by themselves. The fact 
that the arts have recognized these separate sub-classes of 
devices, and that the Patent Office classification of inventions 
deals with them as separate and independent elements in the 
arts, and that the examining divisions of the Patent Office deal 
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exclusively with given matters—all these facts go to the merit 
of the question of division of application. The single patent 
can cover only such matters as are necessarily interrelated to each 
other. The patent on the bicycle can cover the improved lock- 
nut in its combination relationship to other features of the 
bicyele, but it cannot contain a claim covering the lock-nut by 
itself. The lines of division in the Patent Office are reasonable 
and necessary lines, and questions of doubt will, on review, 
generally be resolved in favor of the applicant. If the appli- 
cant can afford it he would be wise to resolve these doubts in 
favor of separate applications. 


Solicitos ‘2. 


Solicitors’ fees cover the extended conferences or voluminous 
correspondence with the inventor; the preparation of the appli- 
‘ation ; the prosecution of it in the Patent Office ; the guarding 
of the inventor’s interest in securing all that he is entitled to; 
and the delivery of the patent. The work is not to be measured 
by the complexity or simplicity of the invention. An improve- 
ment in carpet tacks might involve very much more legal work 
than an improvement in locomotives. The money value of an 
invention is often determinable by the merit of the patent 
granted upon it, and care should be used not to destroy the 
value of the property at the very start by getting the patent as 
cheaply as possible. The inventor sees but little of the actual 
work done by the patent solicitor, the real work being done 
generally after the application is filed in the Patent Office. It 
is then that the battle takes place, and it is then that the in- 
ventor’s property is to be made a vod or bad. It does not follow 
that the highest priced service is the best, but it is not likely 
that the best or even good service will be found at low price. 

The selection of a solicitor by an inventor is often to be con- 
trolled by the character of the invention. Thus a given inven- 
tion may eall for peculiar mechanical skill on the part of the 
solicitor. Most all solicitors will be found competent to grasp 
most mechanical inventions, but a case occasionally arises 
where extraordinary mechanical skill is required in drawing 


distinctions between the new invention and its predecessor, the 


procuration of the patent thus depending very largely upon 
mechanical skill on the part of the solicitor. In such a case 
select a solicitor skilled in mechanics, or in the special branch 
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of mechanics involved in the invention. Another invention may 
be simple in its device, but the question of obtaining the patent 
may depend entirely upon fine-spun legal considerations. In 
such case the solicitor brilliant in the law and dull in mechanics 
might be the better man. Again, the brilliant mechanic and 
lawyer might be less preferable than a less talented solicitor in 
connection with a chemical case. Again, it is always desirable 


in important cases to have solicitors who have had experience 
in the particular line in question. Thus, for instance, if one 
has an important and complicated invention in textile machinery 


he would be wise to have a New England solicitor, or one who 
has had New England experience, for that section is the home of 
the textile arts of this country, and the solicitors of that section 
have had much more experience than those of other sections. 
In metallurgy, and in machinery of the soil and harvest, the 
most competent solicitors would most likely be found in other 
sections. For general purposes, however, it may be stated, that 
the competent solicitor can quickly get within his grasp the 
salient points of most any invention. If he has had proper 
training and experience the inventor will often be astonished at 
his capacity for tearing an invention into pieces, sifting out the 
chaff, and getting right down to the kernel of the invention. 
Many inventors do not know what their invention is until ad- 
vised by their solicitors. It is a mistake to suppose that the 
mechanic is a better solicitor than the lawyer. The lawyer's 
education is one of analysis, and any mechanic is a better 
mechanic after studying law. The patent solicitor must have a 
grasp of the law and of mechanics. He may be a lawyer who 
has studied mechanics, or he may be a mechanic who has 
studied law. But it is the law training which fits the solicitor 
for quick grasp and thorough analysis. 


( mtinge nt eS, 


There are all kinds of patent solicitors, as there are all 
kinds of mechanical engineers and machinists. Perhaps thor- 
ough solicitors and engineers and machinists are the excep- 
tion. The best engineers and machinists can and do generally 
command the best pay, and so do the best patent solicitors. 
Those whose competency or reputation will not secure them 
business at good pay must be content to take poor pay. It 
may, I think, generally be assumed that the service in any 


i 


PATENTS. 05 4 


branch which commands the best pay is the best service, but it 
does not at all follow that in all cases the best men are get- 
ting the best pay. Solicitors who do business on the principle 
of “ No patent, no pay” sometimes do as good work as any one, 
but the principle is generally availed ot by those who cannot 
otherwise command a satisfactory amount of business. A solici- 


tor of well-established reputation is always in a position to Sffer 
his best services, but his best services may not succeed. The 
more difficult the road to success the greater the need becomes 
for good service, and the more service is required, hence the 
inconsistency of contingent fees when coupled with low fees. 
But the worst aspect of contingent fees is that they are due 
when the service results in a patent with the ribbon on it. 
When it is considered that a patent is often the deed for a 
very valuable piece of property it is obvious that the mere cost | 
of the deed should not be too closely considered. In giving con- 
sideration to patent business done on contingent fees, sight — 
should not be lost of the fact that contingent fees are often — 
coupled with the lowest scale of charges. If the charges are — 
low and then made contingent, special caution is suggested. 

gut there are cases in which a poor inventor must avail him- — 
self of the contingent fee system, but it does not follow that the | 
poor inventor should therefore have poor service. He might, | 
perhaps, go to the best solicitor and say to him, “I am poor 
and want the best legal services, but I cannot meet your charges, 
and would need to borrow money to meet any charges. I can-— 
not afford the risk of loss, but if I get my patent I will be a rich | 
man. Therefore, join with me in the risk, give me your best — 
service, and if you succeed charge me extra to compensate you 
for your share of the risk.” Some good solicitors can be gotten 
to render their best services under such an arrangement, the 
contingent fee being never less than double the ordinary fee. 
It will be seen that this is not by any mreans a cheap arrange- 
ment; indeed, it is the most expensive possible ; but it is often a 


wise one. It is a safe course only with a solicitor whose repu- 
tation is so high that he cannot afford to lower the character of. 
his work in order to expedite the getting of the patent on which — 
alone his fee depends. 
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a In rringe ments. 


A manufacturer, aware of possible infringement upon a given 
patent, may_compare his proposed machine with the terms of 
the claim of the patent, and may find that his machine escapes 
the terms of the claim, but he will be quite in the dark as to his 
status until he becomes advised as to whether or not the state 
of the prior art was such as to prevent the patentee invoking 
such a liberal interpretation for his claims as would dominate 
the proposed structure. Bitter fights occur over questions of | 
infringement, the same as they do over all other asserted titles 
to property. The inventor creates the new invention and gets 
his patent, and then may arise a conflict between him and the 
public; the publie seeking to get around the terms of his claim, 
and he seeking to have its terms expanded to dominate the 
fancied infringements. If all inventors were pioneers in their 
lines, then justice could easily be measured out. But in the 
march of industrial development each inventor adds his mite, 
and his exclusive rights should be protected, but are often diffi 
cult to measure. An inventor may have fancied himself a pioneer 
and may have gone into the Patent Office with his application, 
making broad claims. Upon being rejected, in view of the state 
of the art, he cuts down the scope of his claims, and upon further 
rejection he cuts down the claims still more, and advances argu- 
ments showing delicate distinctions. He then gets his patent, 
and often seeks to hold it over the heads of the public as having 
considerable breadth of scope. It is here that the delicate 
duties of the court are called for in determining the proper 
limitations to the claim, and hot! contested facts and expert 
testimony become in order. The courts have referred to cases_ 


of this kind by likening certain patent claims to the nose of wax, — 
which is twisted one way to get the claim from the Patent Office, 
and then twisted the other way to make it reach and dominate 


an alleged infringement. Experts will always disagree over 
shadowy lines. The deed to real estate calls for land to the 
centre of the river, but the river has long since dried up and 
geological experts may well differ over its former location. 
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patents, and then forces on them the burden of maintaining 
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or void; and they think the Government should sustain its 


them; that Government courts often declare the patents weak -_ 
srants. 


This view ignores the fact that the Government, in making — 
the grant, can act only on the facts before it. The inventor 
makes oath that he is the original and sele inventor. It may 
turn out that the oath is false, and that the invention was gotten 
complete from the actual inventor and patented with his con- 
sent. The Government should not be called on to uphold any 
such patent. Again, the Government experts search prior 
patents and the literature of the art, and use their own personal 
knowledge, and, finding nothing of an anticipating character, the 
patent is granted. The Government has made fifteen ach 
‘worth of searches, and the inventor appears to be entitled ? 
his patent, and the patent is accordingly granted. But the Goy- 
ernment has no possible means of knowing of unpatented prior 
public uses. You may invent a peculiar steam engine, and 
build and sell them for ten years. Some man, a thousand miles 
from you, invents the same thing, and very properly gets a patent 
on it, the Government having no knowledge whatever of your 
past efforts. That patent must fall, and the Government should 
not be asked to uphold it. 

Again, an inventor applies for his patent, and the commis- 
sioner rejects him on some old patent which appears to be of 
anticipating character. Thereupon the inventor files a sophis- 
tical argument as to the construction and action of the alleged 
anticipation, and the examiner, half convinced and resolving 
doubts in favor of the applicant, allows the application, and the 
patent is issued. Later, when the patent is taken into court, 
daylight is let into the sophistry of the argument and it is 
shown that the old device is the same as the new device. The 
new patent must fall. 


r Copies of Patents. 


The Government has printed copies of most all its issued pat- 
ents, and manufacturers and others having to do with patents 
should more fully avail themselves of this fact. They would lo 
well, if much concerned with patents, to have volumes contain- 
ing copies of those of interest. The Patent Office divides inven- 
tions into something over two hundred classes, and these 
classes are again divided into sub-classes on more or less 
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rational lines. There are over six thousand of these sub- 
classes. The Patent Office will furnish free on application a 
classification list. Copies of single patents may be purchased 
for five cents each; if a complete sub-class is taken, for three 
cents each; if a complete class is taken, two cents each. Any 
person can procure these copies from the Patent Office at the 
above figures. The patent attorney would necessarily charge 
for services in ordering, or for any necessary service. The 
Patent Office will also enter subscriptions for the mailing of 
such patents as may issue from time to time in a selected sub- 
class, a small deposit being made and renewed to cover the cost, 
at five cents each. 


Digests. 


Over six hundred thousand United States patents have been 
issued, and it is unfortunate that the Patent Office has thus far 
not been able to procure appropriations for digesting them 
somewhat as the British Patent Office has partially done with 
its comparatively small number of patents. Such cigests of 
United States patents as have thus far been published are the 
result of individual enterprise, and the works are necessarily 


expensive, owing to the great labor and the very limited 
demand. Manufacturers interested in specific lines of inven- 
tions would do well to avail themselves of such digests so far as 
suitable to their purposes. These digests have been the out- 
growth of special activity in certain lines of industry at certain 
times. I have never seen a complete list of these digests, and 
do not know that one could be made ; but I here append a list 
as complete as I can make it, viz.: 

Sewing Machine Attachments. By George W. Gregory. 1872. 

3reech-loading and Magazine Small Arms, except Revolvers. 
By V. K. Stockbridge. 1875. 

Seeding Machines and Implements. By James T. Allen. 
1878. With certain supplements since. 

Plows and Attachments. By James T. Allen. 1883. 

Agricultural Implements. By James T. Allen. 1884. 

Harrows and Diggers, Seeders and Planters, Cultivators, 
Harvesters. James T. Allen. 1886. 

Cycles or Velocipedes, with Attachments. By James T. 
Allen. 1892. With certain Supplements. 
- Underground Lines. By James W. See. 1886. 
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Foreign Patents. 


Good foreign patents are extremely valuable property, but it 
does not follow that all foreign patents are of value. Not one 
in a hundred of American inventions, even if they are somewhat 
profitable, are worth the cost and trouble of foreign patents. 
The cost of foreign patents is heavy, and in most cases the con- 
tinued validity of the patents is contingent on the payment of 
taxes and the local working of the invention. If a customer is 
promptly found under the foreign patent, then its taxes and 
working offer few difficulties; but if no customer is found 
within a year it becomes a serious matter to perform the legal 
working. Little or no confidence should be placed in nominal or 
paper workings, and even these are expensive. In some coun- 
tries taxes begin and the invention must be worked at the end 
of the first year, and the working must not permanently cease ; 
and in the case of Canada the continued validity of the patent 
restricts the power to import the invention into Canada. An 
invention which has made good profit in America and is a matter 
of foreign requirement, is well worth foreign patents, and the 
customer may often be found in view of the American success. 
But the trouble is that the foreign patenting cannot be delayed 
until American success determines its expediency. In some 
foreign countries the patent would be rendered yoid by prior 
patenting or disclosure, and in America the patent expires with 
the term of the first expiring previously granted foreign patent. 
Hence, to avoid any antedating, all the patents should bear 
about even date. Date can be made for foreign patents by 
merely filing the applications, while in America the date of 
patent is the date of grant, and may be months or even years 
after the date of application. Hence the proper course is to 
take no steps regarding foreign patents till the United States 
application is allowed. Then select the proper future issue 
day for the United States patent and cause all the foreign appli- 
cations to be filed on that day. An exception is to be made in 
case the invention goes into public use before the issue of the 
United States patent. In such case the shortening of the life 
of the United States patent must be submitted to, and the for- 
vign patents should be taken out before public disclosures | 
would render them void. 

In most foreign countries patents ars granted as a matter of 
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course, without examination into novelty, and the grant of the 
patent is no evidence whatever that the patent is good for any- 
thing. In Germany applications are exemined, and generally 
rejected. The merit which will insure the grant of a German 
patent is not at all to be measured by American standards. 

Briefly, then, waste no money on foreign patents unless 
prompt results are in sight, or unless the invention is of impor- 
tance enough to justify the expense and trouble due to recur- 
ring taxes and legal local working of the invention; foreign 
patents should antedate invalidating disclosures of the inven- 
tion ; it is desirable that all patents oa the same invention bear 
even date. This latter can be secured by filing the foreign pat- 
ents in the interval between allowance and grant of the United 
States patent. 


DISCUSSION. 


Mr. Charles E. Foster—I think it may be recognized that the 
subject which Mr. See has brought up is one of general interest 
to the members of this Society. It is of general interest because 
it deals with a matter in which there ts a lack of information 
upon certain questions, which causes a great waste of money. 


During forty years’ experience I have seen a very large amount 


of money wasted in connection with good inventions. There is 
hardly a man of any intelligence who will invest a few dollars in 
a piece of property without spending from twenty-five to fifty or 
a hundred dollars in ascertaining whether he has a title that is 
worth anything. But the same man who proposes to invest a 
large amount of money in an invention which he expects will 
bring him in a much larger sum, will take no trouble whatever 
to ascertain what steps are necessary in order properly to secure 
the exclusive right to the invention. 

While the necessity of technical claims has come to be pretty 
well recognized, it is a prevalent idea that any fairly good 
description is necessarily a gocd specification. The existence 
of this idea, and the recognition by inventors and patentees of 
well-worded and systematically arranged descriptions as speci. 
fications, has constituted the basis cf a great deal of patent liti- 
gation and the loss of protection for many valuable inventions. 

The error that underlies this misunderstanding will be appar- 
ent when we consider that a mere description applies solely to 
the thing shown in the drawing, while a specification properly 


| 

>, 
of. 
| 

7) = 
: 

t 
| 

| 


PATENTS. 643 


drawn treats the thing shown in the drawing as a mere incident 
to the underlying invention. 

Except where the invention consists merely of specific details, 
it always comprises something underlying and broader than any 
specific illustration thereof, and something which must be ex- 
pressed in terms which go beyond the description of any single 
illustration. 

Every part of every machine is arranged to perform a certain 
office or to effect a certain movement; and it is very seldom the 
case that such office or such movement can be effected only by 
a single particular construction. So also with results effected 
hy combinations of elements. Each suci combination of ele- 
ments has to perform a certain ollice or effect a certain move- 


ment, and this office and this movement may be effected by other 


constructions or combinations. It therefore follows that if the 
specification is so drawn that the elements defined in the claims 
by reference back to the description are necessarily elements of 
the precise or approximate character set forth in a mere descrip- 
tion, or illustrated in the drawing, then any mechanic, ingenious 
enough to effect like results by the use of other elements not 
the mere equivalents of those shown, or by discarding some of 
the elements deseribed, can avoid the claims. 

In construing a patent, the court is practically limited by law 
to the scope set forth in the specification and claims. If the 
court, looking into the specification, finds that the inventor has 
set forth the foundation principles of his invention, the essen- 
tial things which underlie non-essential constructions; if it 
finds that he has set forth that certain things are to be arranged 
or eo-act in a certain way to produce a desired effect, but that 
he has also pointed out that he recognizes that other things 
inay be substituted for those which he has shown, and that 
parts may be altered or dispensed with ; and if, in addition, it 
finds that he has illustrated different modifications with the 
view of thoroughly explaining his position upon this point, and 
that the Patent Office has accepted the position which the in- 
ventor has taken; and if the court finds that all the various 
nodifications embody the same principle of construction or 
‘peration, then in that case the court, when it comes to con- 
sider the claim, even although the latter may be nominally to 
-pecific elements, will give a broad construction to that claim, 
nd will consider as infringing devices constructions which are 
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very different from those shown in the patent. In other words, 
it will give the inventor the benefit of his declaration that his 
invention consists not in specific construction and arrange- 
ments, but in the combination of parts of any character within 
proper limits to produce certain effects. 

If, on the contrary, the specification consists merely of a 
clear and exact description of what is shown in the drawings, 
with a claim, even broad and generic in its terms, the court, 
owing to the failure to set forth that the said terms apply to 
anything except to the specific construction shown, will be very 
apt to limit the claims to such construction, and to find that 
other constructions, although based upon the same principle of 
operation, and securing the same result, are not infringements. 

In a recent case, one of the Circuit Courts found that a patent, 
not a foundation patent by any means, was infringed bya simple 
device which made use of but three parts to effect a certain 
result, while the construction shown in the patent made use of 
a complicated arrangement of about a dozen different elements 
to effect the same purpose, the court, making special reference 
to the fact that the patentee had stated that he did not limit 
himself to any precise means for accomplishing the result, and 
to his having described and illustrated several different means, 
none of which were used by the defendant. 

In Morley vs. Lancaster, decided by the Supreme Court, and 
reported in 129 U. S., the court sustained the claims, which 
were broadly for the combination of “ means ” for doing certain 
things, regardless of the construction of these means; and one 
of the grounds for giving a liberal interpretation of the patent 
was, as stated, that “in the Morley patent a modification is 
described,” and that Morley says in his specification “that dif- 
ferent means for making a stitch may be employed, as well as 
other feed mechanisms.” The court further, in other portions 
of its decision, compares the modification described in the Mor- 
ley patent with the infringing devices to show that they approx- 
imated more closely the modification than the devices in the 
main construction. 

I refer especially to this case of Morley vs. Lancaster because 
it is one in which the Supreme Court gave the greatest possible 
latitude to the claims, and because it appeared that, in doing so, 
the court was to a great extent governed by the position taken 
by the inventor in his specification as to what constituted his 
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invention, and the essential features thereof, and because it is 
very evident that, if the inventor had merely described his 
machine without indicating any recognition of the fact that 
various parts might be supplanted by or substituted for others 
of very different construction and character, the court, notwith- 
standing the broad terms of the claims, would not have given 
so broad a construction to the patent. 

No man is capable of writing a specification which will really 
protect the inventor, whether it be for a stocking supporter or 
a complex system of electrical transmission, unless he is capable 
of dissociating his ideas from mechanical constructions and 
diving down to the foundation principles of the invention. And 
it is a mistake to think that, because a device is comparatively 
simple and readily explained, there is therefore nothing else in 
it, and that there are no underlying principles of operations or 
construction. Many an inventor of a simple device has missec 
a fortune because his attorney has not been able to appreciate 
that the invention back of a simple structure is capable of more 
than one form of embodiment, and has failed .in his specifica- 
tion to point out what parts are essential and what parts are 
‘apable of change or modification, or being dispensed with, in 
embodying the invention in different forms. 

We hear a great deal about the disposition of courts to treat 
inventors illiberally, but we must recognize the fact that it is 
generally the imperfect and defective patents which get before 
the courts. The best test of a patent is that it affords proper 
protection to the patentee during the term of the patent, with- 
out ever affording a basis for litigation; that is, that it is so 
clear and so explicit that the public recognizes its strength and 
purpose and limitations, and keeps off the protected ground. 

Mr. Albert IH. Bates —The remarks of the last speaker about 
the specification being drawn broadly are very pertinent. One 
of the best patent lawyers that we have had, who died recently, 
said that he preferred to have a very liberal specification, and 
then the claims just lettered claims; that is, a hanger A, a shaft 
B, ete., and then refer back to the specification to find what was 
meant by the hanger A. I doubt, however, if many lawyers 
agree with him, and it is usually considered that lettered claims 
are limited in their nature. They certainly require a very care- 
fully drawn specification not to be limited. I think the best 
practice is to make the claims in words descriptive rather of the 
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functions of the parts than their structure, and to be very care- 
ful that there is nothing in the specification suggesting an un- 
necessary limitation to the structure; but the Supreme Court 
has said that although patentees frequently append to their 
specifications a statement that it shall extend to the whole in- 
vention and not alone to the specific thing shown, that that is 
understood whether set out or not.* Assuming that there is 
no unnecessary limitation in the patent, its inte rpre tation de- 
pends on what the invention consists of. If the invention is a 
broad invention, the court is going to do its best to give it : 
broad interpretation, and if there is nothing in the specification 
or claims to prevent that broad interpretation, the court will 
give it, even though the patentee does not stat? positively that 
he wants that broad interpretation. If he points out in his spe- 
cification that his invention is limited to some particular thing, 
then the court would have to construe it to cover only that 
particular thing ; but he need not go clear out of his way to set 
up all the modifications that occur to him, and every time he 
mentions a thing to say that it is simply prefer ably this, and 
something else can be substituted, and all that, be cause the 
law considers that the thing that he shows is simply the 
preferable form, and when he describes that form, the court will 
consider it an illustration of all that may be covered, and, if the 
prior art does not show anything to prevent it, they will give 
the patent an interpretation commensurate with his real inven- 
tion. At the same time, if the attorney sees that certain things 
are non-essential, it is undoubtedly desirable to set out that 
they are non-essential, but I do not think it is to the extent of 
setting up all the different modifications that come in. A short 
statemest of the invention, and what constitutes the essential 
parts and broad elaims, ought to answer the purpose fully, even 
though the rest of the specification is purely descriptive of the 
thing shown, but any unnecessary suggestion that the form 
shown is the essential form should be avoided. 

Mr. See covers the ground so well in his article that I cannot 
do more than, perhaps, clinch a few of the nails that he has 
driven, and possibly loosen up one or two that he has driven, 
as I think, too tightly. 

The author says that a caveat does nothing thai an application 
does not do. That is reasonably true if the invention is per- 
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fected, but frequently one does not have the invention perfected ; 
you have the gist of the idea, and so on, but you have not got 
it worked out in an operative form, and if you apply for a patent 
on that, the Patent Office very likely will hold that it is so in- 
formal that they will not give it an examination; wheveas, if you 
put in a caveat they look very liberally to the explanation, ete., 
and if anybody else files a later application that would inter- 
fere with your invention, the office will notify you, that you may 
file a proper application and be put in interference with it. I 
know of a case where an inventor was advised to file an appli- 
cation instead of a caveat, and the Office said that his machine 
was inoperative and they would not give it consideration until 
new drawings were filed. The inventor went ahead and got up 
a commercial machine and delayed filing his new drawings and 
description until the machine was completed, and meanwhile 
somebody else filed an application, and he did not know any- 
thing about it until a couple of years afterwards ; whereas, if he 
had filed a caveat, the Office would not have hung the matter up 
for formal objection, and he would have discovered his true 
status promptly. There is another disadvantage in filing an 
application for caveat purposes ; that is, that there is always the 
temptation in saving expense, to complete it into a patent, and 
thereby get a much poorer patent than if you let it go as a 
caveat. The use of caveats is undoubtedly very limited, but 
these are cases, it seems to me, where it is a good thing to file 
them. 

Mr. See’s remarks on hurried applications I think will bear 
a little qualification. I refer to his suggestion that if an inven- 
tion is a short-lived invention to get it patented immediately, 
otherwise to delay nearly the period of two years before patent- 
ing it. There is always danger in the process of delay, for the 
reason that somebody else may come in and get a patent, and 
although you ean have an interference with a patent, your 
chances are not as good as with a pending application, for this 
reason: if there are two applications pending in the Office at 
the same time, the Office will simply give the preference to. the 
one that is earlier, throwing the burden of proof on the other; 
whereas, if the patent is issued, the pu/lic has notice that that 
patentee is the owner of that invention, and they have a right 
that that patent shall not be lightly overthrown. Hence it 
follows that it takes a good deal more proof to overthrow a 
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patent than an earlier application. Therefore it seems to me 
that as soon as the invention is substantially completed, so that 
you know what you want, the thing to do is to apply for a pat- 
ent right away and not wait for the two years. There are some 
inventions which are as valuable seventeen years from now as 
they are now, but most inventions are not, and the difference 
between a sixteen and a seventeen year patent makes very little 
difference in the majority of cases. 

What Mr. See says about stealing inventions I think is very 
good. Likewise the matter under several of the following 
headings : 

There is a great deal of misunderstanding about the rights 
of joint inventors. In fact the law is not absolutely settled 
on the point. But the public usually thinks that if one man 
owns one-tenth of an invention and another man owns nine- 
tenths, that they share all right in proportion of one to nine. 
That is not so. The man who has one-tenth has the same 
right to use the patent as the man who owns nine-tenths. He 
has the same right to license others. The nine-tenths man can- 
not enjoin his licensees, and they have as much right as the 
licensees of the man with nine-tenths. The probability is that 
the nine-tenths man cannot compel the one-tenth man to pay over 

anything that he has received from licensing, but that point is 
“not absolutely decided. The trend of the decision, however, is 
that each man may use the patent as he sees fit and to the best 
of his ability, and put in his time and money, and be entitled to 
- whatever he can get out of it, and if one man goes ahead and 
licenses every Tom, Dick, and Harry in the neighborhood, the 
only recourse of the other man is to go to some other neighbor- 
hood and license every Thomas, Richard, and Henry there. 

Mr. See’s remark not to be satisfied with a claim if there is 
== any way to get round it, of course only applies to funda- 
mental inventions, because most inventions are not entitled to 

any such broad claims that there is not a way to get around 
them. 

As to showing modifications, there is this te be borne in 


mind, that where a man has a broad invention, he may see a 


whole lot of modifications which in themselves are inventions, 
and he may not think it worth while to patent them separately, 
but he may not want anybody else to do it. Hence, if he shows 
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even though it is only his broad claim that covers them, still if 
that broad claim should be knocked out and he is not able to hold 
those modifications, they are shown there and every one else is 
prevented from covering them. It is perhaps a little embarrass- 
ing when it comes to a suit on an invention to find that a part of 
the thing shown in the patent is old, while another part that has 
been treated as a modification is not old, and have to distinguish 
between them, but at the same time it can be done all right. All 
the patentee has to do is to disclaim one part, and he is not 
stopped from claiming that what is left is a different thing from 
what is shown. But if the modifications are simply mere modi- 
fications which are not of distinct scope, so that it would be no 
invention to make them in view of the main thing shown, it is 
certainly superfluous to show them, and they had better be 
omitted, for, as Mr. See says, they can be no good and may 
embarrass the patent. But where the modifications are them- 
selves subinventions of the main invention claimed, I think it is 
a good thing to show them, so as to prevent somebody else from 
patenting them later. 

As to the Government defence of patents, it is frequently 
urged by people that the Government, if it grants a patent, 
ought to protect it. But it is simply a question of money. You 
pay the Government $35 for a patent, and the Government gives 
you all it can afford to give for $35. If the Government was to 
guarantee patents and take the responsibility of their always 
being valid, it would have to charge an enormous sum. The 
result would be that every man who wanted a patent would 
have to pay perhaps a thousand dollars for his patent no matter 
what it was on, and when its validity was unquestioned. But 


now you only pay the expense consequent on getting the patent, 
and with those patents which do not have their validity tested 
there is no other expense, and those that do have their validity 
tested bear the expense that is consequent upon it. So I think 
that Government defence of a patent is out of the question. It 
is better to go to the courts and let those who are benefited stand 
the expense. 


On the question of foreign patents, there is an oversight in 
Mr. See’s paper in the statement that “in America the patent 
expires with the term of the first expiring previously granted 
foreign patent.” That was true up to the first of last January. 
But we now have a law that renders the United States patent 
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independent of the foreign patents, and hence there is not the 
trouble that there used to be. Formerly if the patent in Eng- 
land was published to-day, and the United States patent came 
out to-morrow, the United States patent would run fourteen 
years instead of seventeen. That is no longer the case. The 
requirement now is that the applicaiion in this country must be 
filed not later than seven months after any foreign application, 
but outside of that there is no term limitation. 

Mr. See’s remarks as to foreign patents being usually a waste 
of money, etc., I think are very true, with some exceptions. In 
England there is no requirement for working the invention. 
The taxes do not begin until the end of the fourth year, and 
they are not very large then. You are dealing in the English 
language and the customs and methods of trade are compara- 


tively familiar, and an English patent is very frequently valua- 


ble and very frequently easy to handle. But in the other Furo- 
pean countries where the languag? is different and you have 
difficulty in getting into communication with the people, where 
there is a requirement that the invention must be worked in 
the country within two or three years, and where the taxes come 
due every year, the great probability is that it will cost a good 
deal more than you will get out of it. The probability is that 
you will not be able to dispose of the patent, and you will have 
some nominal sort of working to keep it up for three or four 
years, and then get tired and stop. That is the usual result, I 
think, of European patents, with the exception of England. Put 
in England, on account of the language being the same, and 
because there is no working requirement, and you have more 
time before the taxes begin, I think patents very frequently 
result beneficially. 

In Canada, the patent will prevent your sending goods from 
the United States into Canada after a year (or at most after two 
years, if the time is extended), and very frequently ihat is more 
disadvantageous to a man than the patient in Canada is an ad- 
vantage. If his factory is here, he usually wants to make here 
and sell in Canada; but if he does so it invalidates his Cana- 
dian patent. If he wants to manufacture over there, however, 
he can get the time for making extended periodically for quite 
atime. The law says he shall work it within two years unless, 
for cause shown to the satisfaction of the commissioner, that 
time is extended. I have in mind one patent where we got the 
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time extended up to five years. It is on its fifth year now. The 
cause we showed to the commissioner was that the inventor 
was financially uneble to work it in Canada, and the commis- 
sioner granted the extension. There are no taxes there until 
the end of six years. So that what Mr. See says does noi apply 
to Canada with the same force that it does to the other coun- 
tries. But, with the exception of England and Canada, I think 
that what he says is correct. 

We very frequently hear it said, as if it were a slur on the 
patent system, that one can get any little thing patented. Now 
it ought to be borne in mind that the pafen/ one gets is no larger 
than the énvention. If it is 2n invention of a limited character 
the patent is correspondingly limited, and, in manufacturing 
the device, it may be easier to avoid the patent than it is to in- 
fringe it. A man gets up a little bit of an invention—a bicycle 
wrench, for instance. He gets a patent on that which is limited 
to the specific form of wrench which he uses. The Patent Office 
thinks there may be invention in it,and they wiil solve the 
doubt in his favor. But there is no harm done to the public, 
because if that wrench is not an advantage they will not use it ; 
they will use some other style of wrench. Hence it does not 
seem to me it is any detriment to have things of small in- 
vention patented. If a thing is so essential that it is the only 
thing that will do the work, a man ought to have a broad patent 
and cover everything. On the other hand, if it is a little bit of 
an invention there is no harm in letting him have a little bit of 
a patent. 

Mr. W. W. Varney.—I have examined with care the paper by 
Mr. See on patents. With one or two minor criticisms I must 
say that the paper is one of the most concise and accurate state- 
ment of the headings treated which I have ever seen, and would 
urge upon members of the Society at all interested in the sub- 
ject of patents to read every word carefully. 

Under the heading “Stealing Inventions,’ I would like to 
put out a suggestion which is followed by many inventors, and 
that is, when you think of an idea make a sketch of it at once, 
no matter how crude or how insignificant you may think the 
invention is at the time, show it to some one who understands 
it, explain it to him thoroughly, have him sign his name as a 
witness and the date that you showed it to him; this kind of 
evidence will help you amazingly in interference proceedings. 
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Under the heading “ Combination Claims,” the matter there 
ought to be carefully studied ; almost nine out of ten patents are 
practically worthless on account of containing too many ele- 
ments. 

Under the heading of “ Employers’ Rights,” the text seems to 
be accurately drawn, but in one or two points it appears to me, 
in the example given, possibly misleading. 

I give here a brief extract from a Supreme Court decision 
bearing upon this point : : 

Solomon vs. United States’ 137 U. S., 345 (U. S. Supreme 
Court). “The case presented by the foregoing facts is one not 
free from difficulties. The Government has used the invention 
of Mr. Clark, and has profited by such use. It was an invention 
of value. The claimant and appellant is the owner of such 
patent, and has never consented to its use by the Government. 
From these facts, standing alone, an obligation on the part of 
the Government to pay naturally arises. The Government has 
no more power to appropriate a man’s property invested in a 
patent than it has to take his property invested in real estate ; 
nor does the mere fact that an inventor is at the time of his 
invention in the employ of the Government transfer to it any 
title to or interest in it. An employee, performing all the duties 
assigned to him in his department of service, may exercise his 
inventive faculties in any direction he chooses, with the assur- 
ance that whatever invention he may thus conceive and perfect 
is his individual property. There is no difference between the 
Government and any other employer in this respect. But this 
general rule is subject to these limitations. If one is employed 
to devise or perfect an instrument, or a means for accomplish- 
ing a prescribed result, he cannot, after successfully accom- 
plishing the work for which he was employed, plead title there- 
to against his employer. That which he has been employed 
and paid to accomplish becomes, when accomplished, the prop- 
erty of his employer. Whatever rights as an individual he may 
have had in and to his inventive powers, and that which they 
are able to accomplish, he has sold in advance to his employer. 
So, also, when one is in the employ of another in a certain line 
of work, and devises an improved method or instrument for 
doing that work, and uses the property of his employer and the 
services of other employees to develop and put in practicable 


form his invention, 
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employer of such invention, a jury, or a court trying the facts, 
is warranted in finding that he has so far recognized the obliga- 
tions of service flowing from his employment and the benefits 
resulting from his use of the property, and the assistance of the 
coemployees of his employer, as to have given to such employer 
an irrevocable license to use such invention.” 

It appears to me from the above that in the last case given in 
Mr. See’s illustration, that not only would the shop-owner have 
an irrevocable shop right, but would be absolute owner of the 
invention and could compel the. inventor to assign him the 
patent if he should patent it. 

Under the heading “ New Purpose,” page 625, the text is ac- 
curately and very clearly drawn, but thinking that possibly it 
might mislead some, I want to call attention to process patents 
in which the same machine might be used to do one thing for 
which it was applicable, but could not be used to do another 
thing for which it might also be applicable. 

To illustrate: A bread-kneading machine may be patented 
and capable of thoroughly mixing bread, 7. ¢., of thoroughly 
mixing water, salt, yeast, and flour ; it might also be capable for 
use as a mortar-mixing machine, but some one else might have 
a process patent on the mixing of mortar, i. e., the process of 
mixing lime, sand, and water together. Now obviously the owner 
of the bread-mixing machine could not use the machine for 
mixing mortar, even if his machine was capable of such use, 
otherwise he would infringe the mortar process patent; there- 
fore the last clause of Mr. See’s paragraph, viz., “An inventor 
is entitled to all the capabilities of his invention,” might possi- 
bly have added, “ but cannot use his invention to infringe other 
persons processes, 

Under the head of “Foreign Patents,” page 641,I find this: “And 
in America the patent expires with the term of the first expir- 
ing previously granted foreign patents,” and allowing thereafter 
the method of procedure concerning the obtaining of foreign 
patents in conjunction with United States patents. 

A year ago that was good law and advice, and doubtless Mr. 
See, in preparing his paper, overlooked the fact that the Fifty- 
fourth Congress amended Section 4887 of the Revised Statutes, 
which read as follows: 

‘No person shall be debarred from receiving a patent for his 
invention or discovery, nor shall any patent be declared invalid 
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by reason of it having been first patented or caused to be pat- 
ented in a foreign country, unless the same has been introduced 
into public use in the United States for more than two years 
prior to the application. But every patent granted for an in- 


vention which has been previously patented in a foreign country 


shall be so limited as to expire at the same time with the for- 
eign patent, or, if there be more than one, at the same time with 
the one having the shortest term, and in no case shall it be in 
force more than seventeen years,” ; 

To read as follows, which is now the law: 

“No person otherwise entitled thereto shall be debarred from 
receiving a patent for his invention or discovery, nor shall any 
patent be declared invalid by reason of its having been first pat- 
ented or caused to be patented by the inventor or his legal 
representatives or assigns in a foreign country, unless the appli- 
cation for said foreign patent was filed more than seven months 
prior to the filing of the application in this country, in which 
case no patent shall be granted in this country. 

“To take cffeet on the first day of January, 1898.” 

Hence the only limitations we now have concerning foreign 
patents in their effect upon United States patents is : 

“Unless the application for said foreign patent was filed 
more than seven months prior to the filing of the application in 
this country,” and a clause concerning this point is now required 
by the Patent Office in the oath made by applicants. 

I submitted Mr. See’s paper and my remarks to my old class- 
mate and brother solicitor of Baltimore, Mr. George C. Morri- 
son, and requested him to reduce his comments to writing, and 
you will notice that he takes the opposite view concerning em- 
ployees’ rights from what I do: 

W. VARNEY, Esq, 
118 E. LEXINGTON 

My dear Mr. Varney: 1 have read Mr. See’s very excellent epitome of patent 
law and practice with a great deal of pleasure, and I hope profit. 

I agree most heartily with what you say about the advisability of establish- 
ing a definite date of discovery. I myself know of several cases that have come 
very near to being lost for want of some such procedure as you suggest. 


May 26, 1898. 


As to the question of an estoppel as against an employee. It has always 
seemed to me that this question of employers’ rights rested entirely upon the 
question of contract. Of course in almost every case the contract would have to 
be verbal or implied to admit of controversy, still the recovery or decision has 
always seemed to me to have been based upon the contract which the court was able 
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to extract from the evidence. For instance, using Mr. See's illustration, if the 
ingenious carpenter so employed performed his labor under a general contract to 
do the best he cou!d, and while so employed made certain improvements which 
he incorporated into his employer's work, I do net think that the employer's 
license would extend beyond the actual articles constructed by the said employee. 
I do not think that the employer would even have the right to employ others to 
utilize his first employee's ideas, even during his term of employment, without 
his consent, express or implied. An implied consent might of course be pre 
sumed from a failure to object. 1 do not think that the employer can secure any 
right not voluntarily given him by his employee. On the other hand, the license 
once given cannot be recalled. This is the point upon which most of the cases 
have turned. The employee, to curry favor with his empleyer, has introduced 
his invention into his employer's business, and has allowed the employer to 
make free use of it. Then, upon leaving his former employer, be has tried to 
withdraw his former implied consent to use, and has been denied that privilege 
by the courts. From this hes arisen the doctrine of what might be called 
‘* Employers’ rights by accretion,” a doctrine which I believe to be wrong. 

Of course it is undoubted that if I employ a man on the ground that he has 
inventive genius, and agree to give him so much salary, provided I am to receive 
the product of his brain, Iam entitled to receive that proluct, whether it be 
invention or something else. The whole thing seems to be governed by the 
principles of contract, and nothing else. If you have time you might look at the 
eases of McClurg vs. Kingsland, 1 How., 202, and Whiting rs. Graves, 3 Bann. & 
A., 222. Thanking you for the privilege of reading Mr. See’s paper, I am, 

Very truly yours, 
GEORGE C, Morrison, 

Mr. Ezra Fawcett.—The paper presented is a very elaborate 
digest of patent law, and seems to give a clear version of the 
aiins and objects of equitable patents. Some recent issues and 
decisions, especially some electrical patents, such as the “ fun- 
damental transformer” (which has been in text-books over forty 
years to my knowledge), and others, questionable, which are 
common “shop kinks,” seem to belong to a class different from 
those discussed by the author of the paper. The many patent 
solicitors who get up specifications on the “no patent no pay ” 
plan frequently make them so vague that, as the saying, is it 
would take a “ Philadelphia lawyer” to get at the special point 
claimed. For instance, I myself have a patent on a shaft gov- 
ernor about which, from the reading of the specifications, one 
not familiar with that particular governor could not tell any- 
thing, except in a vague way. 


Mr. C. W. Baker.—The only criticism that I can make upon 
Mr. See’s paper is that perhaps he has made it a little too tech- 
nical for most mechanical engineers, who know very little of 
patent law. I believe it is an excellent thing for every mechan- 
ical engineer to know all he can on the subject of patents, pro- 
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7 vided he does not attempt, on the strength of slight knowledge, 
to act as his own patent solicitor. 
I wish that Mr. See had laid more stress on some of the very 


of preliminary examinations. It is not generally known how 


easy it now is to make a fairly thorough search of the prior 
state of the art in any invention, through the classification which 
~ the Patent Office has adopted, and which should be in every 
~ mechanical engineer’s library. Anyone can get the pamphlet 
~ containing this classification by sending ten cents to the Com- 
- missioner of Patents. The question which is continually com- 
‘ing up in every manufacturing establishment and in the practice 
of most engineers is: Is this or that scheme new? Can it be 


patented? Has it been patented in any form? Now, by taking 
this official classification and finding in it the sub-class under 
out of ten you can determine this with reasonable certainty), 
and then sending to the Patent Office at Washington the sum of 
three cents for each of the patents in that sub-class, you will be 
able to obtain the complete state of the art so far as United 
_ States patents are concerned. With the average new idea which 
occurs to the average man I think in most eases he will find 


which the invention probably belongs (and I think in nine cases 


prior patents, and will be saved the expense of applying for a 
patent ona device which is not novel. On the other hand, if he 
_ finds on looking over these patents that his idea is novel, he 
_ will very likely get some valuable hints as to what others have 

done in the same field, which will greatly assist him in perfect- 
“ee his own idea. Further, if he decides that it is worth while 
to proceed with his application for a patent, the knowledge of 


what previous patentees have already covered will be of very 
great assistance in drafting the specification and claims so that 
he may most perfectly protect his invention. 

Mr. Bates.—This matter of preliminary examination is one of 
considerable importance in respect to saving expense to the 
inventor. The members of this Society would undoubtedly, by 
getting sub-classes, understand them, but most inventors could 
not; most inventors would get those sub-classes and would not 
know any more than they did before. They would pay perhaps 
$3 for a hundred patents and could not tell what they showed 


7 simpler matters about which comparatively few engineers are 
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and what they did not. I think it is considerably more than 
one invention in ten that is not in any specific sub-class. They 
are liable to run over three or four sub-classes, or more, and it 
has been my experience that ordinarily it is a good deal more 
satisfactory to have a representative in Washington to go over 
to the Patent Office and search through the sub-class where he 
thinks the thing would probably be, and if he does not find 
anything like it, to search through other allied sub-classes, than 
it is either to try to buy all the sub-classes or to buy those of 
the particular sub-class that the invention relates to. 

In regard to this question of new purpose, which Mr. See 
speaks of, and which was brought out by another paper, al- 
though it is the general rule that you cannot get a new inven- 
tion by turning an old machine to a new use, that must be 
taken with an explanation. If it is transferred to an entirely 
different art, the courts have held that a very slight change, 
which in the same art would not amount to anything at all, may 
confer patentable novelty on it. In a recent case on a patent 
on a clay disintegrator there was cited an old machine for 
polishing wood which embodied the reconstruction of the patent, 
except in having certain parts of glass instead of steel, and the 
court below held that that was an anticipation, but the Supreme 
Court said that it was not; that the arts were so dissimilar that, 
even though the change was very slight, there would still be 
invention in takiug that old wood-polishing machine and chang- 
ing it so that it would do for disintegrating clay.* Thus it 
sometimes comes down to the point that the art is so very dis- 
similar that what 1s really the same structure or process may 
be patented again, when limited to the new use. There is a 
ease I call to mind, when, against the patent on the sand blast 
for etching on glass, there was set up a patent showing a sand 
blast or a locomotive for searing cattle. It was in the old days 
when trains ran slowly, and if a cow got on the track they blew 
sand against her; and the judge said something like this: “ It 
is gravely contended by the attorney for the defence that the 
only difference between this invention and the prior patent is 
that in this case the sand hit glass, and in the other case it hit 
acow. Verily that is the only difference, but that difference 
amounts to invention”—and he held the patent valid.t So it 


* Potts va. Creager, 155 U. 8. , 597. 
+ Tighlman vs. Morse, 9 Blatch., 421. 
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may sometimes be that the arts are so very dissimilar that it 
involves invention to see that you can use one old thing for a 
purpose. 
One word more about dating drawings, ete. It would be of 
a great advantage to all inventors if every time they made an 
invention, they made a sketch of it, and wrote their name on it, 
and put the date on it, and had it witnessed. When it comes 
to a contest, memory does not count for very much. You can 
remember that you had a certain thing at a certain time, and it 
may go to prove that you had it, but it won’t prove the exact 
date when you did have it; whereas, if there is a drawing 
signed, dated, and witnessed, and you and the witnesses swear 
it was signed on that day, you have a fairly good case, and it 
would be hard for the other side to discredit the evidence. I 
remember a remark of Mr. Charles F. Brush that he had had 
« hundred interferences in the Patent Office (perhaps the word 
“hundred” was used to mean simply a large number), and that 
he won them all but one, and that he considered that the reason 
he had been so successful was that he never made an invention 
without making a sketch of it, and having it witnessed and 
signed and dated and filed away. So he always had the proof 
for every invention he had made, which resulted very beneficially 
in his cases. 
Mr. Foster.—There is just one word about the last point raised 
by Mr. Bates, and that is what date will the courts and the Pat- 
ent Office give to an inventor as the date of his invention ? It is 
an unfortunate thing that the courts of the United States change 
their minds, not only on income taxes but on matters connected 
with patents. For a long time the courts of the United States 
followed the decision in Loom Company vs. Higgins, which was 
to the effect that an inventor could date back his invention to 
the date when he made his first sketch and description, and toa 
— eertain extent that is still adhered to; but the courts, and the 
Patent Office especially, have gradually shifted their ground 
until now they generally take the position that the man to 
first make the actual machine is the first inventor. It is an 
unfortunate thing; I do not agree with it, but it is a fact, and a 
fact that we should all recognize in our efforts to protect inven- 
tions. Time and again the courts, and the Patent Office lately, 
have decided as between two parties, where one made a drawing 
and even a model, that these acts are not sufficient to defeat the 
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later party, the first to make an actual machine. I have in 
mind a case where one of the members of this Association made a 
drawing and a model of aswitch-stand, and six months afterwards 
another man made a full-sized switch stand; the Patent Office 
gave the patent to the later inventor who made the full-sized 
switch stand; and that position is becoming confirmed more 
and more. There is, however, a way of avoiding this difficulty. 
The courts and the Patent Office recognize that the date of the 
application for a patent is constructive reduction to practice ; so 
that the man who has filed his application is considered to have 
reduced the invention to practice first against the other who 
was the first to make an actual machine, but later than the ap- 
plication of the other party. This shows the disadvantage of 
applying for a caveat. It costs $10 for a fee for a caveat and 
but $15 for an application. If a man files an application he 
gets that date as a date of construction and reduction to prac- 
tice as much as if he made a machine at that date. No such 
advantage results from a caveat. The apparatus may be imper- 
fect. If that is so, the inventor can let the application lie. It 
may run for a year or two. In the meantime he may perfect 
his machine and then file another application and take patent 
out on that application. As the law is now interpreted, it is 
certainly of very great advantage to get the application into the 
Patent Office at the earliest possible date. 

Mr, Albree.—There is one point I would like to have made a 
little clearer. That is in regard to the right of an employer in 
an employee's invention, whether it involves simply a shop 
right to use the invention, or whether it is broader than that 
and gives an absolute license so that he could manufacture the 
article and sell it. 

Mr. Foster.—That depends a little on the character of the 
invention. If the invention consists in a machine, for instance, 
for making a new kind of buckle, and the employee and inventor 
has permitted the employer to make a machine that will make 
the buckles, of course the employer is entitled to use that ma- 
chine and sell the buckles. If, for instance, it is a puddling 
furnace, the employer can use the process of that puddling fur- 
nace, but he cannot transfer the right to use the machine or 
process or sell the product to any other party. If the process 
of puddling involves a new metal—assuming that we should 
have such a case—the employer that has the right to use the 
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a pudding furnace would have the right to sell the metal. It | 
| depends a great deal on the character of the invention. But | 
the thing that the employer made with the consent of the 


‘“‘An employer, simply as such, has no right to the inventions of his em 
ployee. If he contracts for his employee’s inventive skill, and pays him for its ; 


exercises in his behalf, he may thereby become the equitable owner of the in- 
--—- ventions which result, and be entitled to an assignment of the patents when 
they are obtained. If their agreement is that the employer shall have the 
benefit, or the exclusive benefit, of the invention of the employee, this is an 
express license to the employer to practise the inventions, but leaves their own- 
ership to the inventor. But where, without any express agreement to that effect, 
. an employee uses the time and tools of the employer in making an invention, 
and then applies it practically in the employer's business, the law implies a 
a+ license to the employer to continue his enjoyment of the invention, even after 
the relations between himself and the inventor have been dissolved. The dura- 
tion of his license in such cases depends upon the nature of the invention. If it 
is an art he may practice it until the original term of the patent has expired. If 
- it is an article he may use it until it is worn out, and repair it as long as its 
identity can be retained. His license, however, is not transferable like that of a 
“purchaser of a patented article.”’ 


Prof. S. W. Robinson.—There is one point that is often over- 

- looked in these cases and it is this: A man makes an invention 
and applies to an attorney to prepare his papers and present 
them to the Patent Office. Suppose that attorney delays this 
work six months. In the meantime a neighbor comes on three 
& months after the first man has made his application to the 
a attorney to prepare his case, and makes his application and gets 
his patent ahead of the man who really made the invention— 
the first man who made a sketch of it, ete., and has made his 
application through a patent attorney. I wonder if there is any 


vedress for that individual. 
=. Mr. Bates.—I knew of a case of that very kind, where the 


attorney held the application up for six months before filing. 
The inventor wrote to him several times and asked him why he 
did not go ahead with the thing. The attorney was busy about 
something else, and he did not go ahead with it for six months, 
and it got into interference, and the Patent Office held that 
there was negligence on the inventor’s part in not poking the 
attorney up oftener, or in not taking it to another attorney ; or, 
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employee he has a right to use, and if it results i prodt 
. which can be sold he has a right to sell that product of the pai ; 
. = machine made with the inventor’s consent. 
| The general law is stated in Robinson on Patents, as follows : 
| 


in other w not exeused from the 
attorney's negligence. Although he had been the first to con- 
ceive, he was held negligent in reducing it to practice. He had 
invented it, I think, a couple of months before he turned it over 
to the attorney, and then the attorney held it up for six months. 
It was a thing that did not require any particular time to reduce 
to practice. In the meanwhile some one else had gotten it up 
a little later than he did, and filed his application. The Patent 
Office held that the first inventor had not used reasonable dili- 
gence. As I understand it, the law is that the first to reduce 
to practice is entitled to the patent, provided that there is not 
an earlier man to conceive, who was using reasonable diligence 
to get his invention reduced to practice. Or, to state it another 
way, the man first to conceive is entitled to the patent, unless 
some one later to conceive gets it reduced to practice first, and 
the first man did not use reasonable diligence in reducing his 
invention. But that question of reasonable diligence is un- 
doubtedly being held more and more rigidly all the time, and 
the sound policy is to get the thing reduced to practice just as 
quickly as you can, and if the attorney does not file the appli- 
cation as soon as he ought to, why, the best expedient I know 
of to make him hurry up is to pay him in advance! 

Mr. James W. See.*—Regarding foreign patents, Messrs. 
Bates and Varney are quite right regarding the new law. Under 
the new law, United States patents wili not be granted for in- 
ventions sought to be patented abroad more than seven months 
before seeking the United States patent, but, otherwise, the 
foreign patenting has no effect on the United States patent. 
Now, foreign applications must not antedate United States 
applications more than seven months, and United States patents 
should not antedate foreign patents at all. 

NoTe.—It may be of interest in connection with the above paper to call atten- 
tion that a bill is pending to give the Patent Office an increase in staff and appro- 
priation. It provides for three chief examiners, and about fifty additional 
assistants and clerks. This is the first increase in the force in many years. 


I am informed that much of the credit for this undertaking is due to Mr, Duell.— 
SECRETARY. 


* Author’s closure, under the Rules. 
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BENDING TESTS OF LOCOMOTIVE STAY-BOLTS. 


BY FRANCIS J. COLE, PATERSON, N. J. 


(Member of the Society.) 


No parts of a locomotive require so careful and systematic in- 
spection, to maintain them in a safe-working condition, as the stay- 
bolts. 

Speaking generally, their life, that is, the interval which elapses 

from the time the boiler was new or the stay renewed, to their 
fracture, varies from about one to five years or longer. Probably 
the average would not exceed five years in all classes of engines. 
This depends, however, upon the length and height of fire-box, 
steam pressure, size of boiler, width of grate, ete. 

The stay-bolts in a boiler of large diameter, with the fire-box 
between the frames and small eurves or radii, connecting the cir- 
cular portion with the vertical sheets of the fire-box shell, may 
always be expected to have a shorter life than in a boiler of the 
same length of grate but of smaller diameter, with the fire-box on 
top of the frames. 

As modern requirements demand large boilers, high steam 
pressures, long fire-boxes, ete., in short, the very conditions which 
ought not to'exist if the stay-bolt alone were considered, their life 
may reasonably be expected to be shorter than in the past, owing 
to the construction necessary for heavier, more powerful and 
economical engines. 

The stress on a stay-bolt produced directly by the steam pres- 

sure, tending to force the two sheets apart, is a comparatively 
small factor in causing its fracture, the tensile stress alone being 
only 4 to 75 of the ultimate strength, which, if not complicated by 
the expansion and contraction of the fire-box, causing bending in 
addition, would in itself never produce a fracture. It follows, 
then, that the property of a metal to resist repeated bendings is 


* Presented at the Niagara Falls meeting (June, 1898) of the American S» 
ciety of Mechanical Engineers, and forming part of Volume XIX. of the 7rans- 
actions. 
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more valuable than its strength to resist extension or fracture in 
the direction of its length. 

Following out this general idea that stay-bolt iron should be 
tested for bending under uniform conditions of motion and rigidity 
with the usual tests for ultimate strength, elongation and elastic 
limit, a number of different makes of iron were tested on a 
machine especially designed for the purpose. These tests were 
made by the writer about three years ago. 

In designing the machine two features were kept prominently 
in view; viz.,to make the machine rigid and to clamp the speci- 
men so tightly that no motion would take place in the fixed end, 
and at the same time to strain it by tension in imitation of the 
stress produced by the steam pressure. 

Its construction is so clearly shown in the drawing Fig. 156 and 
photographs Figs. 157 and 158, that an extended deseription will 
be unnecessary. 

Although the machine is arranged to test pieces 3, 6, and 
inches in length, the tests were all made with a uniform length of 
6 inches, measured from the centre of the bolt to the face of the 
hardened steel die, on account of the difficulty experienced in ob- 
taining any reliable spring pressure with the bolt shorter than 6 
inches. The liner used in the machine for all specimens was ,', 
inch thick, making the free end of the stay-bolt describe a circle 
! inch in diameter. Great care was taken to clamp the bolt so 
securely in the machine that the movement of the projecting end 
was scarcely appreciable. 

The spring pressure used in all cases was 2,400 pounds, corre- 
sponding to the strain exerted by the steam pressure in a boiler 
where the stay-bolts are spaced 4 inches centre to centre, with a 
steam pressure of 150 pounds per square inch. 

It is clearly shown, I think, by these tests that the principle 
of the machine is correct, and that the solid, durable manner in 
which it is designed eliminates most of the variables which have 
hitherto made these bending tests of but little value. The 
average general results which the different qualities of iron gave 
followed closely the quality and value of iron for actual service. 
The imitation by the machine of the strains produced in a stay- 
bolt, when screwed in a boiler, is very close ; and while some of the 
tests of the same bar show a larger percentage of difference than 
in the tensile tests of the iron, yet this is probably accounted for 
» threads were cut sharper, or any 
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flaw existed in the iron, its effect would be very much more 
marked and exaggerated than would be shown by an ordinary 
tensile test. While the individual tests of specimens cut from 
the same bar are somewhat erratic in a few instances, yet the 


average of the tests cut from the same bar seems to follew smoe 
well-defined law. 


Cutting off the threads and reducing the size of the middle of 
the specimen (Fig. 159) do not in these tests indicate a sufficient 
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degree of improvement in prolonging the life of the stay-bolt to 
warrant the extra expense. It appears that after a bolt is 
reduced and turned down a sufficient amount to equalize the 
strain, and to distribute it over a considerable portion of its 


free length, the stress produced by the pressure of the spring runs 


up to such an extent, per square inch of section, that the com- 


bination of bending and extension stresses exercises a marked 
influence in shortening the life of the bolt. 
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‘The table given below indicates, for a uniform pressure of 2,400 


| COLE 


159. 


pounds, the stress per square inch of section on the different 
diameters of reduced bolts: 


Size. Area. Stress. 
inch. 3,050 pounds, 
qe“ 6013 3,990 
5185 4,630“ 
* 4418 5,430 
.3068 7820“ 
.2485 9,658 ae 


After experimenting with the { inch bolt reduced to the differ- 
ent diameters, it seemed plausible that by increasing the diameter . 
to 1 inch, and then reducing the section, a marked improve- 
ment might be made. This, however, did not seem to prolong 
the life to any great extent. 
The approximate cost of renewing stay-bolts, a few at a time, is 


as follows: 


Cutting out one broken j inch stay-bolt, retapping holes. and putting 


Total cost of renewing stay-bolt... 20 cents. 


This does not include taking down or putting up any parts of 
machinery which may be in the way of renewing the stay-bolt. 
In round figures, the minimum cost for labor for renewing stay- 
bolts in small numbers would be 15 cents per pound. This is for 
the simplest cases; if there is any machinery or part to be re- 
moved, the cost would be greatly increased. Inasmuch as the 
cost of labor alone for renewals is nearly three times the cost of 
the highest priced stay-bolt iron, it would be economical to use a 
special stay-bolt iron possessing the necessary properties to resist 
repeated bendings. 
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The approximate weight of one 1% inch stay-bolt, rough, 12 
inches long, is 2,4; pounds. 
The approximate weight of one 1 inch stay-bolt, rough, 74 


inches long, is 1} pounds. 


< 


Fig. 162 
The approximate weight of one 1 inch stay-bolt, rough, 124 
inches long, is 2,5; pounds, 
In the photographs of the test specimens, the one at the top is 
a piece 12 inches long, threaded and doubled over; that in the 
centre, a piece pulled apart in the usual manner, to determine the 
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elongation and tensile strength, and at the bottom are shown 
the pieces broken by bending or “wiggling” in the special 
machine. 


The results of the tests are plotted in Figs. 160, 161, and 163. 
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A careful study of these shows that the best results were obtained 
from an iron having an ultimate strength of 48,000 to 49,500 
pounds, with an elongation of 28 to 30 per cent. in 8 inches. 

If it were possible to make the stay-bolts of sufficient length 
to allow for the maximum movement of the fire-box,so as to bend 
them within their elastic limit, without producing a permanent 
set, their life would be increased to a remarkable extent. This is 
shown in Fig. 162; the dotted line is assumed to represent, in an 
exaggerated form, the curve of the bolt, when bent within the 
elastic limit, or the deflection, which would require several mil- 
lion repetitions before fracture would take place. 

Let X represent this movement at a distance Y, it is evident, 
then, that if the length, Y, is decreased, the bending movement 
will be increased so that fracture will occur with a smaller nume- 
ber of movements. With a constant amount of movement, the 
decrease of length can so intensify the bending stress that frac- 
ture will occur after a few thousand repetitions of the force, pro- 
duced by the expansion and contraction of the boiler. 


| 
a 
» 
wel 
4 


BENDING TESTS OF LOCOMOJIVE STAY-BOLTS. 


BENDING 


Tes. TENSILE Test. 


No. Nominal Strength | p . | Elongation 
No.of Revo- Area Sq. * 

No.of Revo- niameter., per Sq. Elastic | percent. in 

Inches. Inch. 8S Inches. | 


2,296 | 6018 51,220 35,200, 22.75 Good wrought 
60138 51,550 (34,900 23.2 iron, 1.6¢.perlb. 


| 2,268 
Average = 51,885 35,050 28. 


£6054 49.800 32,200 238.7 Same iron as No. 
6041 49,330 38,160 23.1% 


lutions. Inches. | Limit, 


2,629 


Average 2,522 49,565 32,650 


3,386 46,190 39,500 Same iron as N 
1,226 | ‘ 46,880 28,400 
4,453 
2,300 
2,240 
3,260 
2,811 46,5385 29,450 


2,546 q 0,000 34,100 Same iron as No. 
2,691 .6000 § 50,660 33,000 1 

2.87% 
2.636 
2,754 
2,820 


,720 50,330 33,550 


2,028 61,460 44,200 Not made 
1,870 61,780 44,200: stay-bolts. 
1,882 dinary merchant — 
mild steel. 

2 008 


1,868 61,595 44,200 


1,046 .586 58,240 36,500 Not made for 
1,289 52,600 35,400 stay-bolts. 
1,012 | 53,200 36,600 dinary merchant 
832 bar iron. 
1,028 
| 1,140 
Average, 1,058 | | 58,018 | 36,200} 


& | 7 | 51,3840 | 37,270; 24.25 Same as No. 6. 
| 1,746 
2,136 
2,147 
1,824 | 
Average 1,863 | 51,340 (3/,270) 


= 
a, 
im 
A. 
1 
+a) 
2.459 I 
2,235 
| | | | | | 
3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
> 5 
5 
5 
Avenge 
ail 


BENDING TESTS OF LOCOMOTIVE STAY-BOLTS. 


Tensie Test. 
EsT. 


No of Revo: Nominal Area sy. | Elongation 

lutions. Inches. Inches. Inch. Limit. | SInches, | * 
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TENSILE Test. 
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DISCUSSION. 


. Spencer Otis —I have read Mr. Cole’s article on a bending 
test for stay-bolt iron with much interest, and discuss it only 
because a number of tests witnessed, and a number of others of 
which I have a record, would seem to agree very closely with 
some of Mr. Cole’s conclusions, and very materially with others. 

In the first place, let me say the number of broken stay- 
bolts has been increasing rapidly on all the Western railways 
with which I am acquainted. I saw a record only a few days 
ago which showed over three times as many broken stay- 
bolts in 1897 as in 1894, and this for a given number of locomo- 
tives. 

I think the reasons generally assigned agree with those given 
by Mr. Cole; but how much can be attributed to the bending 
action and how much to increased tension caused by higher pres- 
sure is uncertain. The manufacturers of stay-bolt irons are un- 
doubtedly trying hard to make an iron which will stand this service, 
and a number of the railway companies are experimenting to 
find out what irons will give the best service and what qualities 
such an iron must possess. Some of them are simply trying in 
actual service several different makes of iron known to be good 
under practically the same conditions, and keeping a record of 
results. Others are adding to this a record of tensile strength, 
elastic limit and elongation of each iron used. <A few, however, 
are adding to all of this a vibration test. I have a record of 
about one hundred and fifty specimens tested on a machine very 
similar to the one Mr. Cole describes ; instead, however, of using 
a tension of 2,400 pounds, only 1,000 pounds was used, and in 
some of them no tension at all. The number of vibrations, as 
shown by these tests, were uniformly higher than those men- 
tioned by Mr. Cole, and, too, in some cases with apparently about 
the same quality of iron as Mr. Cole used, the number or vibra- 
tions were very much greater. 

After reading his results I am inclined to give increased tension 
more credit for broken stay-bolts than I had done. 

Taking the averages of experiments with which I am acquainted, 
it would seem : 


1. That the best American stay-bolt irons would stand fully as 
good a vibration test as the same grade of foreign irons. 
2. That the piled irons, with grain at a right angle to the line of 


= 
} 
| 


’ 


vibration, stand this test better than either bloom irons or irons 
piled with the grain in line with the vibration. 

3. On the basis of the number of vibrations withstood, the high- 
grade irons, those made especially for stay-bolts, are very much 
cheaper than ordinarily good iron. 

4. That the ordinary tests give very little indication as to how a 
given iron will stand a vibration test; for instance, the average of 
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some twenty tests of each of two irons is: ral 
Tensile Elongation Elastic Vibrations with 
Strength. in 8 Inches. Limit. 1,000 Ibs. Tension, 
as 52,000 25% 26,600 89,170 
Nod . « 51,400 28% 26,210 37,470 


5. By reducing the shank of stay-bolts to a shade below the 
_ bottom of the thread, you very decidedly increase the number of 
vibrations it will stand. I think the average was about double 
- what the same iron would stand when threaded the full length. 

6. That a tell-tale hole { inch diameter clear through the bolt 
reduces the number of vibrations which it will stand, and that a 
larger hole does so very materially. 

I find there are several roads which have been using a tell-tale 
hole 1 inches to 1} inches deep which are beginning to fear reduc- 
ing the shank of stay-bolts is going to cause them to break near 
the centre of bolt and beyond the reach of the short tell-tale hole. 

To sum up, it seems to me there is a good deal to learn about 
stay-bolts and stay-bolt iron, and if in order, I sheuld like to 
make a motion that a committee be appointed to collect all the 
information possible on this subject, and report progress at our 
next meeting. 

Mr. Gus. C. Henning.—I would like to call attention to the 
fact that the method of holding the bolts shown by the machine 
does not represent the stay-bolt as held in the boiler. The stay- 
bolt is held for a short distance at either end. And then the po- 
sition of one sheet changes with reference to the other. The 
stay-bolt during this change of position of sheets does not assume 
the curve Fig. 162, but being held at both ends, provided the 
sheets work vertically only, as may be in the case assumed, the 
position as Fig. 168, in which ease the strain on the bolt at the 
surface of the sheet is very much greater than if that were simply 
bent. It would be just twice as much, because this is simple 
flexure and this is contra flexure. Now that is not the only way 
the boiler works. The normal condition of the stay-bolt is like in 
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Fig. 167, assumimg that there are no initial strains. Initial 
strains are very injurious to stay-bolts, perhaps more to them than > 
to any other part of the boiler. The next position, is like that in 
Fig. 168, that the one sheet remains in its position, while the other 
one buckles at one point or other for various reasons. The other 
position is that the other sheet is vertical and the reverse of Fig. 
168, but which produces the same result. Then we have the 
other conditions that the plate between stay-bolts bulges and pro-— 
duces the effect as in Fig. 169. Stay-bolts are constantly revolving y 
or changing their condition on account of the change of the shape — 
of the plates between the stay-bolts. This machine does not re- 
peat all these changes of strain. This is particularly noticeable 


Fie. 167, Fie. 168. 


in the stay-bolts where the thread has been cut away, and ied! 
fore the results are not such as we would expect. Similar tests : 
have been made abroad—I don’t know whether they have been | 
made here—and results which are more in accordance with our © 
present knowledge of the behavior of the stay-bolts than is shown _ 
in the paper. Fig. 162 in the paper shows a curve which is ob- _ 
tained only when the bolt is held at one end and free at the 
other. The actual conditions are, however, as shown in Figs. 168 
and 169, the centre lines of stay-bolts showing the curves of flex- 
ure, and under these conditions the stress on threads at sheets is 
just twice as great as that assumed by the author. 

Mr, Ovis.—I think Mr. Henning is correct, and that the actual 
service of the stay-bolt is very much more severe than is reproduced 
in a vibrating machine. But it seems to me that the iron w hich 
will stand a vibrating machine well would also stand the service 
of which you speak—that the same qualities would be required — 
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in both eases, although the tests you propose would be very much 
more severe and nearer actual service. 

Mr. Henning.—1I would like to qualify that. If the iron is all 
right to resist these strains, it may not be all right to stand the 
cold hammering. The cold hammering may produce erystalliza- 
tion which runs quite into the bolt through the sheet. Say the 
sheet is 2 of an inch thick, the ordinary thickness for crown 
sheets, the crystallization runs back into the body of the bolt. 1] 
have recently had oceasion to break a lot of them. The iron may 
be all right to resist a strain, but that is not what is wanted ; an 
iron is wanted which will resist the fire, an iron which will not erys- 
tallize under the cold riveting to which a stay-bolt is subjected ; 
an iron which is not made brittle or injured, because of its seams 
or other defects by cutting the threads, or an iron which is able 
to resist all these strains of torsion, of tension and flexion. 

Mr. Jno. E. Sweet.—In the June number of Locomot/i Engineer- 
ing there appears an article on stay-bolts, written before this paper 
appeared, and I noticed the paper confirms the assumption that 
there is plenty of tensile strength in the bolt, but not enough to 
stand the bending strain, and that the real destruction comes from 
the bending. This idea has occurred to me. We all know that 
four pieces of half inch square iron are as strong in tensile strength 
as one inch square, and the four pieces will stand four times as 
much bending as the one. The suggestion is made to split 
along the middle into four quarters. Thus you will see we 
have a bolt which will stand a sufficient tensile strain and more 
bending. 

Another way to carry out the same idea would be to have the 
iron rolled in the form of a quarter of a circle, so that when four 
pieces were put together they would form a round a little larger 
than the outside of the thread. After the ends were welded and 
swedged to size, the centre could be heated to a forging heat and 
drawn down to the size of the bottom of the thread. 

This would be a more expensive construction, but it would 
leave the bolt as strong in tension as the rated one, and it would 
be free to bend four times as many times before rupture. Another 
plan suggested by Mr. 8. W. Baldwin was to roll a quarter of 2 
circle in section, cut it off too long, but have sections of such © 
size that when the four pieces were put together they would b. 

the diameter of the bolt at the bottom of the threads, and i. 
welding upset the 
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‘threads. This was his suggestion, and I guess a better plan.* 
Now, if I had fire-boxes to make I would try the experiment, and 
I would also try another experiment, though I do not know but 
that it has been tried. From what I have read about the diffi- 
culty of getting the proper pitch on stay-bolts, 1 infer there is 
trouble in getting them to enter the inside sheet after they run 
through the outside sheet. Is there much trouble about that 

Mr. Otis.—There is no trouble about that. 

Mr. Sweet.—Then the suggestion for a remedy would not be in 
order. 

Mr. Henning.—The two sheets are so flexible that with a little 
bit of foreing the thread will enter, but it does not leave the 
sheets unstrained, and this is one of the causes why the shells 
and fire-boxes do not expand uniformly. If the beginning of the 
thread is on the top in both places, and there is an even number 
of threads, it will enter exactly, but if the threads miss each other 
by half a diameter, then those sheets will be separated and the 
sheet will be bent. Now, the next one may be just exactly the 
reverse, and the result is that the adjoining part is bent in the 

_ opposite direction. Sheets are not planes, as they are supposed 
to be, and the change of shape is what bends the stay-bolts as 
~much as anything else. 

Mr. Sweet.—Do you think that does really amount to much— 
that if you are sure that there was no strain it would be better, 
or is it a fact that that strain does so little harm that it is not 
necessary to take it into account ? 

Mr. Henning.—Believing in the highest class of work for boil- 
ers, I always believe that it ought to be tapped right through, and 
that spreaders should be put in the water space which can be re- 

— moved when stay-bolts have been put in. If that is the case then 
the boilers will behave very much better than they do now. 

Mr. Otis.—1 think the tubes would cover that very well in a 
locomotive. The tap is put through and taken out, and the bolts 


* To meet the conditions described by Mr. Henning, where it is assumed that 
the plates change from parallel, I have thought of the following scheme which 
would meet the difficulty and otherwise improve the quartered stay-bolt. After 
the forging is finished as described, twist the middle or quartered part of the bolt, 
one-half revolution. Neither quarter will then be strained any more than any 
other quarter, however much the plates may be distorted. The section of the 
bars might have to be modified slightly to meet the change of shape due to twist- 


ing, and this twisting, if done right-handed, would avoid the danger of the bolts 
twisting when screwed in, 
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put in the same head and then capped up much straighter and 
put in very nearly correct, I think, than by the old way of doing 
by hand. 

Mr. Henning.—If you tap it through, and the threads of the 
bolt do not exactly enter the threads of the sheet, then it will 
take a whole revolution of the bolt before it springs the second 
time. Then the flexure is very much greater than it is in the case 
that I described, in which I simply assume that the thread does 
not exactly match the thread in the other sheet. 

Mr, Sweet—Do you mean to say that even if the stay-bolt was 
of the proper pitch still they would get a complete revolution 
before they got it in ? 

Mr. Henning.—It might be two or three, because they might 
burr the thread in the sheet or on the stay-bolt and then simply 
keep turning until it enters. 

Mr. Sweet.—I would use a long taper tap, and make the small 
end of the thread on one end larger than the large end of the 
thread on the other, and it would be sure to enter, and enter easily, 
because, being V threads, it could not help but enter correctly. 
There may be some objection to that, but it occurs to me it is 
possible. In renewing a stay-bolt I do not know whether they have 
to tap out the hole or not. If they do, running the tap a little 
farther would correct the hole. If they have to putin a 7 stay- 
bolt when a } was in originally, they have to increase the hole a 
whole eighth of an inch. 

Mr. Henning.—The same difficulty you have in entering a bolt 
into a nut. Some men can always enter a bolt the first time they 
come to the thread. Others turn that bolt half a dozen times be- 
fore it enters. 

Mr. Francis J. Cole.*—The greater number of vibrations ob- 
tained in other bending tests is due principally to the fact that 
the fixed end, when screwed into a thin plate (say ~ of an inch 
thick), is not held rigidly. This is partly owing to the spring of 
the plate and partly to the bolt becoming slightly loosened by the 
repeated vibrations, or from lack of a tight fit at first between the 
screw threads. It can also be accounted for by the lower tension 
of 1,000 pounds, instead of 2,400 pounds—the latter representing 
more nearly the stress in actual service. Stay-bolts in locomotives 
always break at the outside plates, which are thicker and cooler, 


all 
j 
va 
« 
+ 
4 
= 
| 
. 
> 
— 
i 
4 


BENDING TESTS OF LOCOMOTIVE STAY-BOLTS. 685 


and rarely, if ever, under normal conditions, at the thinner box 
plates. This, in a measure, answers the criticism that the machine 
does not bend the bolts as they are bent in the boiler. A super- 
ficial investigation of the actual conditions existing might lead one 
to imagine that the bolt should be held rigidly at both ends, and 
vibrated by moving in parallel planes. Under these conditions the 
fracture would be as likely to occur at one end as the other. As 
a matter of fact, one end, when screwed into a boiler, is held much 
more rigidly than the other, the thinner and hotter fire-box plates 
permitting a slight movement or buckling to take place, relieving 
the bending stress at that end. The important point in bending 
tests of this description is to get comparative results of different 
makes of material under similar conditions of bending and ten- 
sion stresses. The known stresses, such as that due to the direct 
steam pressure, forcing the plates apart, should, evidently, be 
taken at the actual figures, rather than at 60 or 75 per cent. below 
the real amount. The injury caused by cold hammering in rivet- 
ing over the ends does not, to my mind, extend through plates 4 
to 2 inch thick, and perceptibly weaken the material. If this 
were the case, the injury would manifestly be greatest in the 
;; inch plates used in fire-boxes, and, consequently, the life of 
these bolts would be much shorter than in the heavier plates. 
This we know, positively, is not the case. If it were true, increas- 
ing the thickness of the outer plates to an extent somewhat more 
than the depth to which the influence of the cold hammering ex- 
tends would prevent all injurious effects and prolong the life of the 
bolts. As a matter of fact, however, it is well known that the ten- 
dency to break seems to increase with the thickness of the plates. 

Since the tests were made, nickel steel has been used in a few 
instances for stay-bolts, but time enough has not elapsed to know 
definitely what results will be obtained. It is to be regretted that 
comparative tests of the various makes of hollow stay-bolts and 
of nickel steel could not be made on the machine under the same 
conditions. 
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THE RELATIONS BETWEEN THE PURCHASER, THE 
ENGINEER, AND THE MANUFACTURER. 


BY WILLIAM H. BRYAN, ST. LOUIS, MO, 


(Member of the Society.) 


WHEN an engineering structure of magnitude is to be erected 

~ what general plan of procedure should be followed in order to 

insure that the finished work shall be best adapted for the in- 

tended purpose, and shall involve the minimum investment of 

capital consistent with proper construction, and the minimum 
cost of operation and maintenance ? 

In the erection of buildings the precedent of placing the work 

in the hands of a skilled architect has long since become well 


established. In civil engineering, the construction of railways, 
bridges, and roofs is universally intrusted to engineers. In the 
newer branches of mechanical and electrical engineering, how- 
ever, it has only recently become the practice in this country to 
engage consulting engineers. The principal reason for this has 
been that there have been heretofore but few specialists who 
have devoted their attention exclusively to this class of work. 
The few well-trained men in these fields early connected them- 
selves with manufacturing or contracting companies, or en- 
tered into these branches of work on their own responsibility. 
The natural disinclination of the purchaser to ask for expert 
advice from an engineer—however competent and experienced— 
who is known to be interested in the manufacture or sale of 
some specialty, and whose opinion is not unnaturally open to 
the suspicion of bias, left him no course but to proceed on his — 
own responsibility, with results which were often as unsatis- 
factory to the manufacturer as to himself. 

This situation has, however, in a large degree changed, owing | 
to the large number of excellent engineering schools, and the 


* Presented at the Niagara Falls meeting (June, 1898) of the American So- 
ciety of Mechanical Engineers, and forming part of Volume XIX. of the 7rans- 
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very thorough courses of theoretical and practical training 
which are there given. These, coupled with the large number 
of trained and experienced men who have been connected with 
prominent manufacturing and constructing companies, and with 
the installation and operation of large plants, have now ren- 
dered available the services of many men of thorough technical 
training, supplemented by years of practical experience in actual 
construction. Many of these have no connection with the manu- 
facturing, selling, and contracting interests, and their judgment 
is not, therefore, open to the suspicion of bias in favor of or 
against any special manufacturer. 

It is becoming more and more the custom, therefore, to place 
the same confidence in the consulting mechanical and electrical 
engineer which has long been reposed in the architect and civil 
engineer. He is called in at the earliest stages of the develop- 
ment of the enterprise, for advice as to the general outline and 
arrangement of the scheme, its probable cost, the expense of 
operation and maintenance, and the returns which may be expected 
from the investment. He makes a preliminary reconuoissance 
and report, giving this data. If these are approved, he then 
makes a more detailed study of the problem, mapping out the 
general scheme more definitely, selecting the particular system 
or type of apparatus best suited to the local conditions of ser- 
vice, and preparing general plans and specifications. These he 
accompanies with more detailed estimates of cost. When these 
are approved by his principals, proposals are asked for, and 
when received, the engineer assists the purchaser in canvassing 
and comparing them, and in selecting that proposal—not neces- 
sarily the lowest--which seems best to meet the requirements of 
the work in hand. 

The engineer then assists his clients in drawing up the final 
contracts, supervises the work during construction, and makes 
such final inspections and tests at completion as are necessary 
to determine whether the specifications have been complied with. 

This has long been the accepted custom in England, where the 
same difficulty of securing competent and unbiassed engineers 
has not been encountered. No trouble has been met with in 
that country in applying the same rules to these branches of 
engineering which are universally followed in other fields. 

As might be expected in any new department of engineering, 
however, the relations between the purchaser, the engineer, and 
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contractor have not always been harmonious. The manufacturer 

geen feels that he has been imposed upon ; the engineer is 

often hampered by incompetent or unscrupulous contractors, 

and between the two the purchaser himself is sometimes at a 

loss for a proper solution of the difficulty. While it is true that 

most contracts of this character are carried through satisfac- 

_torily, it must be admitted that misunderstandings are more 
frequent than they should be. 

The discussion of these differences has recently taken tangible 
form both in this country and England. In the latter country, 
the manufacturers and engineers recently met, and succeeded in 
agreeing upon a number of standard clauses for specifications, 
~which removed many of the objections and criticisms from both 

points of view. It has been suggested that this work of pre- 
paring standard specifications would come properly within the 
province of the national engineering societies, but if these bodies 
do not take the matter up, something might be accomplished by 
the engineers and manufacturers getting together for mutual 
exchange of views, as was done in England. 

The present misunderstandings may be traced to a few serious 
causes: In the first place, the mechanical and electrical fields 
of work have, unfortunately, been embarrassed by too great a 
number of incompetent and inexperienced manufacturers and 
contractors, poorly equipped for good work, and with but lim- 
ited intelligence and skill. To these have been added a more 
than ordinarily large percentage of contractors who are not 
altogether scrupulous as to their methods, and whose object is 
to finish the work in almost any sort of shape which will pass 
muster. These incompetent, inexperienced, and unscrupulous 

_ eontractors—though relatively few in number—have detracted 
from the good reputation of work of this character, and have 


character of workmanship and material, inspections and tests, 
which would be unnecessary if it were certain that the work 
- would be awarded to contractors of established reputation, 
ability, and skill. 
Furthermore, it has been found that some manufacturers are 
slow to adapt their designs and patterns to advanced and im- 
proved practice. Experience having shown the clear and de- 
cided superiority of certain designs, the engineer is justified in 
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embodying them in his specifications, in spite of the fact that 
some manufacturers will attempt to force the continued use of 
antiquated forms. 

Again, the manufacturers are often careless in making guar- 
antees. Some of them do not hesitate to meet any desired 
figures, if a competitor does so. Often they will oblige them- 
selves to do what is impossible with the type of machinery they 
offer, and trust to luck, or careless inspection or testing, to get 
the work accepted and paid for. 

The grievances of the manufacturers have recently taken 
shape in papers and discussions in the electrical press, and may 
be briefly summarized as follows : 

First.—That the engineer appears unwilling to receive sugges- 
tions or advice from the manufacturers, as such action might 
detract from the “dignity” of his position, and that specifica- 
tions, therefore, often contain many annoying and expensive 
provisions, sometimes impossible of fulfilment. 

Second.—That the engineer does not always familiarize himself 
with the facilities and standards of the manufacturer, and thus 
sometimes calls for special designs which can only be made, if 
at all, at greatly increased expense ; whereas standard apparatus 
would frequently answer the purpose equally well. 

Third.—That if the manufacturer is required to guarantee 
results, he should not be hampered as to details of design or 
construction. In other words, the consulting engineer should 
not tell the manufacturer how he should build his machine, but 
simply hold him responsible for results. 

To these it may be answered, that no harm can be done by 
full and free consultations between the manufacturer and the 
engineer. They have a common object in view, namely, the 
securing of the best results. It is natural that the engineer 
should reserve unto himself a due degree of dignity, but he 
should not let this characteristic stand in the way of the best 
service in the interest of his clients. 

The demand for special machinery, however, presents greater 
difficulties. It should be remembered that electrical develop- 
ments have been so rapid in recent years—and with them the 
construction of special steam engines and appliances—that a 
large percentage of the work has necessarily been special. 
Furthermore, this condition must continue, for the reason that 

generating and distributing electricity on a 
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large scale, over wide areas, for endless varieties of purposes, 


? have by no means reached uniformity of practice or system, 
7 and are not likely to very soon. The necessity for special 
continue to cover a large percentage of our work. We must 
not lose sight of the fact that to attempt to carry the idea of 
standards too far will surely result in hindering improvements 
and stifling progress. 


_ machinery will, therefore, remain with us indefinitely, and will 


I do not desire to be understood, of course, as decrying the 
use of standard apparatus for that large and increasing per- 
centage of cases for which it is eminently well adapted. The 
manufacturers deserve great credit for reducing their machines 
for different classes of service to standards, and the engineering 
profession is under many obligations to them for doing so in 
so thorough and excellent a manner. The reduced cost of 
standard apparatus ; the fact that in using it one follows pre- 
cedent; that repairs can be more quickly and more cheaply 
obtained, and that, when secured, the different parts are actually 
interchangeable, and will fit; and the further fact that standard 
machines can usually be secured in less time, being frequently 
carried in stock—all these are points of tangible advantage 
which no conscientious engineer can afford to overlook. Stand- 
ard apparatus, however, is only possible when permanency of 
type and a reasonably constant demand in large quantities are 
assured. While it will frequently pay the engineer to modify 
his plans so as to use standard apparatus, there is a point 
beyond which he cannot go. In such cases he must use special 
apparatus more closely adapted to his particular needs. All 
these points must be given the most thorough consideration, 
and before requiring special work, the engineer must satisfy 
himself beyond doubt that his principal’s needs can better be 
supplied in this manner, even at the increased cost, and in spite 
of the greater risks which always accompany the use of new 
and untried apparatus. 

The contention that when a manufacturer guarantees results 
he should be allowed to design and build the machine in his 
own way, may be granted in so far as the guarantee can be 
made to cover every possible valuable feature. When a 
reasonable number of manufacturers, however, have adopted 
certain designs and processes of unquestioned superiority, and 
where these have an important bearing on the life and relia- 
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bility of the machine, its freedom from annoying interruptions, 
and which reduce or avoid the necessity for close and continual 
attention, it is proper to write the specifications so as to limit 
competition to machines of this advanced type. 

Contractors frequently object to specifications which include 
a deduction for delay in completing the work, but which allow 
no extra compensation for finishing the work earlier than the 
date specified. When it is possible for the purchaser to make 
use of the plant at the earlier date, this criticism is well 
founded. It is usually the case, however, that the earlier com- 
pletion in no way benefits the owner, because other equally 
important contracts may not be finished, or because the date 
of leases or contracts for service from the plant cannot be 
brought forward. The delay of any one contractor, however, 
might readily cause the purchaser serious loss. 

Another objection made by the manufacturer—and one which 
is not wholly without justification—is the unnecessarily exact- 
ing requirements of some specifications, and the annoyance 
to which they are subjected by the engineers. It is unfortu- 
nately true that our profession has been no more fortunate than 
others in keeping out of its ranks the incompetent and the 
unscrupulous. These men have brought disgrace upon the pro- 
fession, and the objection of the manufacturers to being handi- 
capped by them is well founded. There is, however, no reason 
now why the purchaser—even though absolutely unfamiliar 
with work in this field—should make a mistake in selecting an 
engineer, as a very little investigation will enable him to ascer- 
tain the character, ability, and experience of the man under 
consideration. 

The engineer stands between the purchaser and the contractor, 
and while he may sometimes insist upon bis client’s rights to an 
extent which may appear unjust, he nevertheless recognizes the 
purchaser’s obligations as well, and will see that his end of the 
contract is equally well maintained. In this way unreasonable 
requirements may be avoided, prompt payments secured, and 
the acceptance and settlement made at the proper time and 
along reasonable lines. 

Unfortunately there are some manufacturers who think the 
consulting engineer unnecessary, and that the business could be 
better transacted directly between the manufacturer and pur- 
chaser. This would be true if the purchaser were always com- 
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petent to judge of the relative merits of the different systems of 
apparatus. Unfortunately the agent of the manufacturer can- 
not always be trusted implicitly as to recommendations, for two 
reasons: First, he has not the time to give to the detailed 
study of the problem which the consulting engineer must give 
in order to make a proper selection; second, his recommenda- 
tions are too often biassed by a desire to sell standard apparatus, 
or some specialty of his own, which could be used for the work, 
although less advantageously than something else. 

It is here that the engineer serves his client best, in seeing 
that the proper apparatus is selected, and that it is bought at 
reasonable figures. The days when the salesman with the 
glibbest tongue did the most business are fortunately passing 
away, and the small manufacturer has as good a show to do 
business with the engineer as one of longer standing, providing 
his apparatus is clearly the best for the work. 

The engineer compares machines on as nearly the same basis 
as possible. So far as the character of the machine will permit, 
he requires all proposals to be on the same apparatus. When 
this is impracticable he specifies capacities, results, and general 
type or construction, leaving the manufacturers to vary the 
details in accordance with their own designs and _ practice. 
Such proposals, however, should’ be accompanied by ample 
data, so that the points of agreement and difference may be 
clearly brought out. With these data before him the engineer 
is prepared to analyze the bids, and to make a recommendation 
based upon merit alone, irrespective of the name-plate which 
may be attached to the machine. 

It is not meant by this that no weight whatever is to be given 
to long experience and established reputation, as there are 
many details which cannot be inquired into, and must be left to 
the manufacturer’s judgment. No conscientious engineer, how- 
ever, will let the mere reputation of a manufacturer carry undue 
weight. 

Early in my own practice I learned that while elaborate and 
detailed specifications embodying all sorts of unusual and 

peculiar requirements might impress the non-technical reader, 
and might even gratify the purchaser, they invariably limited 
competition, and led to excessive prices and annoying delays, 
and that by purchasing machines as nearly standard as possible, 
and ad on the contract to a reasonable extent, to suit 
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the manufacturer in unimportant details, much better terms | 
could be made without increased trouble to either the pur- 
chaser or the engineer. 

The contract forms submitted by many manufacturing com- 
panies are unfair to the purchaser, in that they are wholly i ) 
sided, and are intended to protect the seller in every way 
possible, while the rights of the purchaser are given but little 
consideration. Such contract forms are far too common, and | 
for the credit of the profession it is hoped that these may be _ 
modified, and brought to a more equitable basis. 


The ordinary proposals submitted by many companies are 
equally unfair. Perhaps the most flagrant instance of this is 
the statement in many bids that they are not effective until 
approved by an executive officer. Such proposals are not 
worth the paper they are written on, and should not be consid- 
ered for a moment by any self-respecting engineer, as they in 


no way bind the bidders, and their acceptance simply ties up 


the purchaser. Instances are not lacking where manufacturers 

have taken advantage of this clause to repudiate bids appar-— 
ently made in good faith. So common is this practice that it — 
has become necessary to incorporate a clause in the “ Notice to _ 


Bidders” to the effect that proposals which are not made in good 
faith will not be considered. 

Another unfortunate practice is that which many manufac- 
turers have of asking the return of their proposals and accom- 
panying data as soon as the award is made. These papers are 
necessary to the purchaser and the engineer, to make a com- _ 
plete record of the transaction, and should be retained by them. 

On the other hand, it must be admitted that some engineers’ © 
specifications are unfair to the manufacturer. ‘The points on— 
which these complaints are based have been given due consid- 
eration, and in my own practice have led to the following rule: 

First.—When it is desired to permit the bidder some elasticity, 
and not to require him to adhere rigidly to the specifications, the 
“Notice to Bidders” contains a clause reserving the right to 
waive informalities. 

Second.—The engineer is made the arbitrator of all disputes, 
but appeal is always permitted to a referee or referees. If the 
contractor thinks he is being treated unfairly he may avail 
himself of this privilege. 

Third.—A clause is frequently inserted to the effect that 
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where a special make or type of apparatus is mentioned in the 
specifications, it is not intended to mean the exclusion of all 
others, but simply as establishing a standard of excellence. 
The bidder may substitute other apparatus in his proposal, the 
engineer reserving the right to judge as to whether the article 
offered is equivalent to that specified. 

Fourth.—Where the work is such that it is impossible to go 
into details very fully, and where the apparatus is of such 
a character that different builders offer different types of con- 
struction, which accomplish substantially the same resuits ; or 
where it is desired to secure the benefit of the most recent 
improvements, a general clause like the following is sometimes 
inserted : 

“While it is believed that the following specifications prop- 
erly cover the needs of the purchaser at this time, they are not 
necessarily final. Bidders are invited to submit alternative 
propositions embodying any other types of apparatus, or other 
details of construction, which in their judgment may seem as 
well, or better, adapted to the purchaser’s needs.” 


It is to be hoped that this presentation of the matter may 
result in a better understanding among all parties interested, as 
to mutual obligations and responsibilities. I believe I may say 
for the engineers that they will meet the manufacturers fully 
half way in an effort to reach a more satisfactory basis of coép- 
eration, and to bring about a higher standard of design, work- 
manship, and efficiency, and a more uniform and equitable defi- 
nition of contract relations. 


DISCUSSION. 


lal. E. D. Meier.—From the standpoint of the manufacturer 
and contractor I must say that I heartily agree with most of what 
Mr. Bryan has said. It is an unfortunate fact, as most engineers 
have noticed, that in the mind of the average client with whom 
we have to deal the architect is a superior being, and the 
engineer is to be employed occasionally, but not to be given muchi 
weight after all; and it is partly due to the fact which Mr. Bryan | 
has mentioned that the purchaser does not come into such 
close and intimate relations with the engineer as with the archi- 
tect. Every man naturally draws his illustrations from his own © 
practice, and therefore I may be excused if I refer to the boiler in 
this connection. We have often had specifications for boilers 
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where, for the convenience of the architect, the boilers were to be 
made part of the heating contract. While there are a number of 
first-class steam-heating contractors in the United States, our ex- 
perience has been that only once in ten times does one of those 
large responsible concerns get the contract. The contract is gen- 
erally given to some plausible fellow who happens to have a little 
credit with the man who sells the pipe, and he then has the say 
in everything. He even draws the specifications for the architect, 
which ought to be drawn by a competent mechanical engineer, 
and the consequence is that the boiler firm, which perhaps is 
the more responsible of the two, has to look to this heating firm 
for everything, and they are therefore placed at a disadvantage. 
First of all, the specifications are generally so drawn as to favor 
some one who has favored this little steam-heating contractor. 
Then, instead of the pay coming direct from the owner of the 
building, as it should, it sifts in some way through the steam- 
heating contractor, and sometimes it takes several years to sift 
through. Now, that woukl be avoided if, instead of taking some 
irresponsible party as an assistant to the architect, a party so 
irresponsible that his name does not even appear; if, in the case 
of a large office building, for instance (one such case is enough, 
and it will illustrate as well as any other), where the mechanical 
details are fully as important as the architectural details, the 
mechanical engineer should stand on the same level with the ar- 


chitect, and matters relating to boilers, engines, dynamos, steam 
piping, shafting, etc., should be distinctly and directly left to the 
mechanical engineer, so that we should know with whom we are 
dealing. Every honest manufacturer or contractor can do better 
work under those cireumstances than when he has to deal with 
irresponsible parties. That is one thing. 


Another thing is the frequent mixing up of things which are 
entirely separate, and compelling the one to depend on the other, 
simply on account of the laziness of the architect or of the me- 
chanical engineer who may have been employed. I have one 
case in mind which is characteristic, and has occurred a number 
of times in the last few years. It is that responsible boiler firms 
were compelled to bid, giving certain guarantees on performance 
with certain classes of furnaces, the boiler firms in every instance 
having more responsibility than the furnace firms, the boiler men 
being compelled by the consulting engineer to guarantee results 
with those furnaces, so that they stood the chance of loss and the 
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furnace man could go out scot free. His word was simply taken 
that he could do so and so, and he could do it with such and such 
boilers. Why should not he be made to prove his own guarantee ? 
Now, there is a case for a rational mechanical engineer to step in— 
a man who is not lazy and has the courage of his profession—and 
say: “It is my responsibility as a mechanical engineer to separate 
those two things. I can tell whether it is the furnace or the 
boiler that is at fault, and I will hold the proper party responsible.” 

Those are just two instances that I refer to, but there are a 
great many others, such as specifying a certain material by 
name or by brand when the manufacturer knows that he is in the 
habit of using better material, and for the sake of the protection 
of his own prestige and standing wants to use a better material, 
but cannot do it because a poorer material is specified by a cer- 
tain brand. There is another chance for a mechanical engineer, 
and I think that this Society could do nothing more calculated to 
improve the standing of the mechanical engineers than to adopt 
Mr. Bryan’s suggestion of drawing up a set of general specifica- 
tions which will be binding on the mechanical engineer as _ well 
as on the manufacturer and contractor. That could be done by 
getting representatives—there are in our body here representa- 
tives of the manufacturers or contractors and representatives of 
the consulting engineers as such ; and if the Council will appoint a 
committee to formulate some of these points, then the grievances 
both of the contractors and the mechanical engineers could be 
laid before such a committee, and I think general specifications 
could be drawn up under which both could work harmoniously, 
and it would be a blessed thing for all the manufacturers when 
we could appeal in such cases to mechanical engineers having a 
proper understanding of the ethics of the profession. 

Mr. Chas. W. Barnaby.—I desire to enter my protest against the 
practice of compelling one manufacturer to guarantee another's 
product, which has been referred to by the last speaker. In the 
engine business we strike this in connection with steam pumps and 
condensers used with the engines. I recall one case in particular 
where those who bid under the specification were compelled 
to make a guarantee on steam consumption of two small engines, 
the steam consumed by the feed pump to be charged to the en- 
gines. The steam pump was only to supply the feed to the 
boiler during the test, but was much larger than necessary for 


that purpose, and consequently consumed more steam than would 
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be required by a pump of the proper size for feeding the boiler. 
The pump and engines were in separate divisions of the specifica- 

tions, and were expected to be furnished by separate contractors, 
and if my recollection serves me, when the engine proposals were 
called for the pump contract had already been closed, so that the 

pump was entirely out of the engine bidders’ control. 

It is not right for the architect or engineer to draw up specifi- 
cations in such a manner as to compel one manufacturer to guar- 
antee another manufacturer’s product. If they desire a guarantee 
on engine, condenser, feed pump, and boiler they should have each 
manufacturer guarantee his own product, particularly when they 
are furnished under separate divisions of the contract. There may 
be a little excuse for compelling one manufacturer to guarantee 
the other’s product when the specifications are drawn up in such 
manner that one contractor must furnish all of the machinery of 
whose performance he is required to guarantee the economy. Then 
he is in a position to demand a guarantee from the manufacturer 
from whom he purchases those parts of the outfit which he does 
not manufacture himself, but the very common practice of com- 
pelling tlie contractor in one division to guarantee the economy 
and performance not only of his own machinery, but also that 
furnished by another contractor under a separate division of the 
specifications and over which he has no control whatever, is en- 
tirely wrong and uncalled for. It seems to me that this is an in- 
justice that those who draw up specifications should recognize, 
and which might be corrected by having a standard specification 
formulated by a committee. 

Mr. T. W. Hugo.—There are several points of view from which 
we may observe the relation which the consulting mechanical engi- 
neer bears to the purchaser and the manufacturer. If he is 
merely the mechanical expert, his ideas will be drawn off in the 
direction suggested by Mr. Barnaby and Mr. Meier—that is, he 
will look upon that side of the question entirely ; but if he is in 
the capacity of the confidential adviser of the purchaser to stand 
between him and the manufacturer, to put into plain words the 
technical language of the seller, and weigh the statements made 
and accord them their fair value, he is then in another position, 
and I think we should consider him as a two-sided individual, in 
the one case the mechanical engineer and adyiser, and in the 
other the confidential friend and adviser engaged — the pur- 
chaser to protect himself from imposition, = = 
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I have generally found that the purchaser turns out to be the 
under dog, the manufacturer being more experienced and able to 
take care of himself, and I believe the consulting mechanical en- 
gineer will come more into favor when he is able to be as good a 
business man as he is a mechanical engineer, and thus be the 
better fitted to serve his client in those things which, as a mere 
engineer, he is apt to throw on to his employer. I also think 
that our interests as consulting mechanical engineers are with the 
purchaser, securing for him that for which he pays his money, 
after seeing that the specifications are properly prepared and the 
contract securely drawn, and then in case of dispute acting as 
judge, and doing equal justice to all parties concerned according 
to the documents so prepared. 

I think a standard set of specifications, except as to a few gen- 
eral clauses, would be of little use, for the reason that different 
conditions prevail in different parts of the country, different busi- 
ness methods and usages, and different mechanism and apparatus 
used, so that the specifications would have to be so broad as to 
be practically useless, and subject to great modification in each 
case. Besides, under such a standard we are liable to get into a 
rut, which should be avoided. 


Colonel Meier.—1 would just mention ope other little incident 
which I have come across in practice several times, and that is a 
form of architect’s specifications in which, after going into a long 
typewritten specification of just what is wanted, there is this 
little printed clause at the end—I cannot remember the exact 

wording, but the meaning of it is this: “If I, the architect, have 
forgotten anything, you, the manufacturer, have got to supply 


Mr. Bryan.*—I believe there is little further to be said at this 
time. I want to call attention, however, to a point mentioned in 
the paper, that in England the manufacturers and engineers have 
already gotten together and adopted standard forms for the 
. General Provisions” which are always introductory to the specifi- 

cations covering the details of the work. The American Institute 

- of Electrical Engineers has also appointed a committee, with a 

_ view, if possible, of agreeing upon some standard form of specifi- 
cations or standard method of making tests of electrical machi- 
nery. The point has been made of the objections to combined 
contracts, particularly where they embody guarantees of different 


* Author’s closure, under the Rules, 
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parts of the work. This is one of the greatest difficulties we meet 

‘with, and can only be solved in eacl: case by considering the spe- 
cial cireumstances surrounding it. We all know how much bet- 
ter it is to have all the work of a certain character, or field, in the 
hands of one contractor. In spite of all that we can do, it is al- 
most impossible to clearly define the point where one man’s re- 
sponsibility ceases and the next man’s begins, and that, of course, 
is why we combine contracts as far as possible. Now it seems to 
me that when that is properly done it is not such a bugaboo after 
all. It is, of course, unfair, as has been so frequently said, to hold 
the man taking the contract responsible absolutely for the guar- 
antees of each of the different sections; but if in the paragraph 
defining the method of making the guarantee tests and stating the 
conditions of acceptance it is clearly explained that the failure 
of any particular section of the work will not invalidate the whole 
contract, or hold back the contractor’s money on other sections, 
and that he can go ahead with the rest and get a settlement and 
acceptance, it seems to me that we have removed the most serious 
difficulty. The general contractor in such cases should always 
protect himself by the same character of contract and bond from 
the sub-contractors that he has himself given the principal. 

As to the relations of the engineer to the contractor and to the 
purchaser, [ have always assumed that up to the time of drawing 
a contract the interests of the engineer are almost wholly with the 
purchaser, but after the contract is once drawn and is in effect, 
the engineer occupies more nearly the position of an arbitrator. 
While he is paid entirely by the purchaser, he still has certain 
obligations to the contractor. The contractor has a right to look 
to him for a fair and reasonable interpretation; not a one-sided 
interpretation, of the specifications, and from that point of view 
the contractor, it seems to me, has a protection which he would 
not get ordinarily directly with the purchaser. 
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NOTE ON THE CAR RBON-CONTENTS OF PISTON-RODS 
‘AS AFFECTING THEIR ENDURANCE UNDER 
FATIGUE. 


BY JOSEPH E. JOHNSON, JR., LONGDALE, VA. 


(Junior Member of the Society.) 


THE subject of the relative endurance under reversed stresses 
of materials of different tensile strength and hardness, has re- 
cently been attracting a considerable amount of attention from 
engineers, and the theory, until reeently universally held, that for 
withstanding these repeated or reversed stresses a very soft 
material was necessary, has had to be revised to the extent of 
complete abandonment, at least in many cases. It is not with 
the idea of communicating anything new, but merely as a strictly 
practical confirmation of the valuable work done by others that 
the following data are given 

About six years ago the company with which the writer is con- 
nected bought a compound locomotive of the Baldwin or Vauclain 
type, no deseription of which is needed before this Society, 
except to recall, for the sake of clearness, the fact that the high 
and low pressure cylinders lie as close together as possible, one 
vertically above the other, the rods from the two cylinders being 
fastened to the same crosshead, which is of the four-bar type, and 
located centrally between the two rods, as shown by the ac- 
companying drawing (Fig. 170). The wings or guiding surfaces 
are made very long in the direction of the stroke, to overcome 
the torque set up by the unequal and constantly varying pres- 
sures on the high and low pressure pistons respectively. These 
pressures are made as nearly equal as possible by the steam 
distribution, but practically there is always considerable differ- 
ence at some part of the stroke, so that there is a stress tending 
to tilt the crosshead one way during one stroke and the opposite 
way during the other. This stress puts a considerable pressure 
on the diagonally opposite corners of the guiding wings, and, 


* Presented at the Niagara Falls meeting (June, 1898) of the American 
Society of Mechanical Engineers, and fcermisg part of Volume XIX. of the 
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the reciprocating motion going on while under this pressure, wear 
takes place on the corner of the wings first, and allows a slight 
rocking of the crosshead, a complete oscillation oceurring at each 
revolution when running under steam. 

The piston-rods are fastened to the crosshead with the regular 
taper fit drawn up to a shoulder by a nut. This connection being 
rigid, and the opposite end of the rods prevented from vibrating 
with the crosshead by the fit of the pistons in the cylinder, the 
rods are bent at the shoulder through a very small are in each 
direction vertically, at each revolution. 


Drawing shows Rods as furnished for No Stine 
Those for No, 4 are not reduced back of Shoulder. 


if 
ii 


Cylinder 


Fie. 170. 

This first locomotive ran for three years and two months, when 
a duplicate was bought, and the first put in the shop for a general 
overhauling previous to taking the place of the smaller engines on 
another part of the road, the new one taking the run of the old one. 
During the overhauling the piston-rods were renewed, having 
worn down too small to work well with the metallic packing any 
longer. The material for the new rods was ordinary “ machinery 
steel,” taken from stock on hand. The rods on this engine 
(No. 4), it should be stated, were straight from shoulder to 
shoulder, while those of the “duplicate ” (No. 5) were reduced in 
the body, having a collar } inch larger than the rod and } inch 
wide next to the shoulder at the crosshead end. 

After having been in service about fourteen months, one of the 
low-pressure rods of No. 5 “let go,” and smashed the cylinder- 
head, without, however, doing any very serious damage. Within 
a few weeks the overhauled engine did the same thing. 

This was becoming a serious matter, and after some careful 


consideration the writer ordered some genuine Swedish iron 
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to make rods of. It was beautiful stock, and so soft that it acted 
almost like lead in the lathe, being very difficult to get a smooth 
finish on. A set of these was put into one of the engines at once, 
and ran about four months, when one of them let go in the same 
way. The rods that broke were all low-pressure ones, due 
undoubtedly to the fact that in the “emergency,” or starting 
gear, those cylinders get almost full boiler pressure; 180 pounds 
per square inch. The rods were all broken in the same way, 
and right in the shoulder, the metal cracked at top and bot- 
tom, and the crack gradually widened, as could be seen by the 
worn appearance of the upper and lower segments of the break, 
which gradually approached each other until only a narrow 
horizontal strip of solid metal was left across the middle of the 
rod when the final rupture occurred. 

Soon after ordering the Swedish iron, the writer came across one 
or two articles bearing upon this subject of the endurance of soft 
and hard steel or iron under fatigue, and describing tests made to 
elucidate this point, notably those of the Pope Tube Company and 
the Bethlehem Iron Company, which showed quite clearly that 
high-carbon steel was infinitely better than low-carbon, and that 
nickel-steel was better than either for such service ; also that very 
soft material, like Swedish iron, lacked endurance under fatigue. 

Therefore the breaking of the rod of this material was not a very 
great surprise, and was met by ordering material for a set of rods of 
high carbon and one of nickel-steel from the Bethlehem Iron Com- 
pany. These have now been in considerably over a year, and we 
hope that they will last long enough to wear out without breaking. 

The writer had the three rods which had broken, and the one 
which had worn out, analyzed, to see how they bore out the 
theory of high-carbon material versus low. 

The results are given herewith : 


Sulphur. Manganese. Phosphorus. Silicon. Carbon. 


chine steel; ran three years and 
two months without breaking... . 
Second rod in No. 4 locomotive ; ma- | 
chine steel from Longdale stock ; | 
ran fifteen months and broke..... | 
First rod in No. 5 locomotive ; iron ; 
ran fourteen months and broke... . 
Third rod in No. 4 locomotive ; Nor- 
way iron; ran four months and 


| 
First rod in No. 4 locomotive ; ma-| 
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It will be seen that these results bear out the theory to astrike 
ing extent, there being nothing in No. 1 to cause its far greater | 
endurance except the carbon, and possibly to a slight extent the 
sulphur, which is also claimed by some to be a hardener. 

It is very difficult to deduce any quantitative results as to 
number of reversals of stress producing flexure even approxi- 
mately, because even given the approximate daily mileage of the 
engines and the size of the drivers, it is impossible to say what 
portion of the total running was done under steam, the grades 
being quite heavy, and the trains running by gravity for nearly 
half the total distance. 

If thirty miles per day under steam, twenty-eight days per 
month, be taken, the diameters of the drivers being thirty-six 
inches, the revolutions per day would be, say 16,000, and per 
month say 450,000; this would make for the second and third 
rods about 6,000,000 double flexures before rupture, and for the 
Swedish iron rod say 1,800,000. 

There is no way of giving the amount of flexure ; the crosshead — 
probably never tilted more that 4; inch in twenty-four inches to 
either side of the vertical, but this amount varied as the wear 
occurred, and was taken up; also it is not possible to tell what 
portion of the total length of the rod absorbed this flexure, so 
that it is impossible to give any figures having a scientific value. 

The theory of the superior endurance of harder materials under 
fatigue has been explained many times, and by those far more 
competent to do it than the writer, so that nothing on that sub- 
ject is said here. 

As stated at the beginning, this is only intended as a strictly 
practical confirmation of facts already brought out by the splendid 

- researches of others. 


Mr. Thomas R. Almond.—Hardened steel, if immersed in a _ 
liquid such as a solution of cyanide of potassium, may become : 
weakened, and if it remains there long enough it may break. A 
fracture may be started as soon as immersion takes place, or 
something similar to a fracture. There is a condition which I do 
not understand. The liquid seems to get in between the mole- 
cules at some portions of the surface, and weakens the material. 
The first time that I observed this was when cleaning some steel 
springs which were under tension. I left them in a weak solu- 
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tion of cyanide of potassium over night, and to my surprise in the 
morning they were broken. It set me thinking, and one of the 
conclusions to which I came was that, where rods are continually 
under stress, possibly the molecules may become sufficiently 
separated at the most distressing time of the motion of the rod, 
and any acid which may be present in the oil or lubricant which 
is used may possibly have an influence upon the material towards 
weakening it. I have often thought that the breakages which 
occur in the crank-pins of locomotives, at the weakest portion— 
that is, the corner which comes nearest to the whee!s—are probably 
due to acid in the lubricant being absorbed when the stress is 
greatest. It is easy to understand that the molecular density will 
be less at that moment, and that there may then oceur an ab- 
sorption which perhaps might not oecur before. This continued 
through a long period of time, and under the same circumstances 
every time, may very materially assist towards bringing about frac- 


tures which are often considered as being very mysterious, more 


especially when the material used is known to be of high quality. 

Mr. H. H. Suplee.—I think in considering the breakages which 
are described in the paper, sufticient emphasis is not given to the 
peculiar conditions under which the piston-rods in these Vauclain 
compound engines work. I have had occasion to observe a num- 
ber of these engines running in and out of Philadelphia, and there 
is certainly a very severe and very sudden stress on those rods. In 
the first place, there is nearly always a considerable amount of 
clearance between the guides, and if they are not so made they 
soon become so. This permits a tilting of the crosshead which is 
very marked on starting ; and, furthermore, it takes place in a very 
short space of time, and is very much more in the nature of a blow 
on the rods than of a bend. When the steam is admitted you can 
hear the crosshead tilt with a clank like the blow of a hammer, 
and then there will be a corresponding sharp blow on the return. 

The bending is not distributed over the whole length of the — 
rod. It occurs in the first few inches of the forward stroke and | 
the same on the back portion of the stroke. It occurs until the 
engine is well under way, when the pressure in the two cylinders 
is equalized and the sound disappears. Then I think it is sup- 
posed that the pressure in the two cylinders is so nearly equal- 
ized that the bending is comparatively slight. The result is that 
these rods at starting, for a few strokes, are practically being hit 
a sharp blow at the end of the stroke, and then, after that, these 
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action takes tn only on sti ating, It is not like an exdinecy 


test, but more like the hammer test or drop test than mere bend- 
ing, and that, I think, would have something to do with the man- 
ner of these breakages. 

Mr. Gus. C. Henning.—I fully concur in what Mr. Suplee says. 
Clearance is given, and because of this they have been compelled 


to make their crossheads so much longer, so as to avoid this very 
shock. It is intentionally left there, because of this very action 


the crossheads would bend at the beginning of the stroke. They 
must give some play between the guides. But I claim the gentle- 


man has not proved his case, anyway. He does not tell you how 


much strain is produced when the full steam pressure of live 
steam is put on the low-pressure piston-rod, for which, of course, 


it was not designed originally. It was designed for a lower pres-_ 


sure and not for the higher pressures. But practice has com- 
pelled them to make them heavier. Whether they are propor- 
tioned to the load that comes on now, is the question. The table 
of chemical analysis does not prove what he says it does. Let us 
throw out of consideration the phosphorus and silicon, because of 
the varied effects on the material of the two elements under 
various conditions, and consider merely manganese and sulphur. 
Sulphur we know is a strengthener, a hardener. As the carbon 
is higher in this case, so is the sulphur. Therefore we can say 
that a part of the greater strength of the rods is due to sulphur. 
Manganese is a softener. Piston-rods are rolled and allowed to 
cool gradually and turned up. In that case these rods which 
have the highest manganese should be the most ductile and give 
greater life. Look at that table again, and manganese is higher 
as the carbon is higher. I know it is generally true that the 
higher carbon steels were longer. I should not deny that at all. 
I simply say that this table shows that these rods might have a 
longer life, either because the carbon was higher or the sulphur 
or manganese was higher. Now we have two against the carbon 
—the sulphur and the manganese, all in the same direction. 
Therefore I say that this table does not show anything except 
that those rods may have worn longer for any other reason ex- 
cept that due to the higher carbon contained in the steel. 

Mr. Jno. FE. Sweet.—I think the story cannot be too often told 
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that there are certain cases where the high steel does better 
than the soft steel. There is another way to get over the same 
difficulty mechanically. Every one who makes a good hammer 
handle whittles it down small between where the hand takes hold 
of the handle and the hammer. Tle does not do it to save wood, 
but he does it to add to the life of the handle. A bright genius 
some thirty years ago discovered that where axles were breaking 
near the wheel he could increase the life of the axle and also save 
metal if he brought it down in the centre. My brother, as I have 
before stated to this Society, discovered that piston-rods were 
breaking where they entered the hammer heads of his steam 
hammers. He scooped out that part of the piston-rod between 
where the packing came and the hammer head, and increased the 
life of the piston-rod 300 per cent. I would suggest the same in 
this case. If you scoop it out for as long a distance as can be 
spared, you have always got the depth of the gland ; you will add 
to the life of the rod. Or, to put it in a form that you will re- 
member, you will make it stronger by making it weaker. Whether 
around groove is the best way, or whether it is better to reduce 
‘it straight with a round nose tool, mathematicians can tell you 
better than Ican. Manufacturers cannot do either. If they did 
they could not sell the engines. But the man who buys them 
can take his rods and turn them down, and he will increase their 
life immensely. 
Mv. Almond.—Professor, won't you state why thatis? 
Mr. Sweet.——You diffuse the strain. , 
Mr, Almond.—Y ou lessen the rigidity 
Mi. Sweet.—Yes, make it limber for a longer distance. 
Mr. Henry Souther.—I had an opportunity to visit Normand’s 
Torpedo Works in Havre last year, and found that he was necking, 
- somewhat in shape of a blade, all of his connecting rods with this 
same idea in view, and also with the idea that should the bearing 
not be perfect when the engive was new, that the rods could yield 
to any slight inequality. The success which he was meeting with 
- induced him to continue the practice. This paper is particularly 
interesting to me, because I have been working over alternating 
stress, and rely upon this test as a final judgment on material, and 
there is certainly no question but that the .carbon element is of 
greater influence than any other element that we have been 
or to get hold of, possibly excepting nickel. 
Referring to the paper on cracking of boiler-sheets—boilers are 
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rather out of my element—it seems to me too bad that some other 
material than iron cannot be resorted to. I do not know that it 
is possible, but it seems that if higher carbon steel could be gotten 
into boiler stays that some of the stay-bolt breakage would be 
lessened. 

Mr. Spencer Otis.—Referring to what Mr. Sweet has said, I 
have seen practically what he recommends for increasing the life 
of a piston-rod, The end has simply a taper fit, and the ordinary 
keys put in for a fillet when the rod enters the socket, with a nut 
on one side, and a radius is made as long as possible. On an 
average I have seen a change to the shape shown more than 
double the life of the same piston-rod without any change of 
material. 

Prof. S. W. Robinson.—I think many of the Society may recall 
what was once written about a steam hammer. In overcoming 
the trouble of breakage of the piston-rod, it was made a great 
deal smaller in the whole length, and consequently weaker in 
theory, but it stood several times as long in practice. It strikes 
me that this is a good point for consideration, that the rods may 
even be made smaller than they are. By overdoing the thing, 
enlarging by putting in metal, we weaken it practically. I was 
told of a case that came in the experience of an expert who was 
called in to examine a machine which had one part continually 
breaking. They had strengthened it up repeatedly, and the more 
they strengthened it the more it broke, until they called in the 
expert, Mr. J. C. Hoadley, who, on examining the machine, said : 
“You have done just the wrong thing. You have made it so big 
and stiff that it cannot vibrate, or cannot accommodate itself to 
the tendency to vibratory motion of the parts, and consequently 
the parts get such severe strains that crystallization and breakage 
occur. You put in a rod about one-fourth the size of the first 
one.” With that rod in place, no further trouble came to the user 
of the machine. 

Mr. Sweet—We cannot reduce the engine piston-rvod down 
to anything small enough just to stand the tensile strain, but 
must have it large enough to stand compression without buck-— 
ling, whereas, if it is to lift a steam hammer, there is only tensile — 
strain on the rod, and it can be made as small as tensile strength 
will permit. 

Joseph E. Johnson, Jr.*—The remarks of Mr. Almond, espe. 
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cially with reference to the fracture of springs in a cyanide solu- 
tion, are very interesting; but the suggestion that the molecular 
density of bearings such as crank-pins may be so reduced under 
strain as to facilitate the absorption of acid from the lubricant 
and so be injured, while very ingenious, seems to the writer im- 
possible. 

When the smallness of the distortion produced in any proper 
bearing by the working stress is considered, it would seem that the 
volumetric dilution of any portion of the solid must be an 
infinitesimal of high degree, and the increased opportunity for the 
action of acids or other substances must be very slight indeed. 

This is less the case with the springs, in which the distortion of 
the metal is really considerable. 

As far as the fractures of locomotive crank-pins are concerned, 
they should never, we would think, be classed as mysterious ; the 
really mysterious thing is that they stand as well as they do 
under the terrific duty they are called upon to bear. 

As far as the fractures of the piston-rods described in the paper 
are concerned, allowing full value to the theory of Mr. Almond, it 
would not appear that it was of great importance, because of the 
freedom from the presence of oil at the point of fractures and the 
entire sufficiency of the conditions to account for the breakage 
without the aid of this theory. 

Mr. Suplee avers that sufficient emphasis is not laid upon that 
point of the paper which was intended to be the kernel of thie 
whole matter, the tilting of the crossheads, and consequent flexure 
of the piston-rods, though in making good the omission he has 
used language not differing greatly from that of the paper. 

He has, however, made one or two statements which need cor- 
recting from the point of view of the facts. 

The guides are not given a considerable amount of clearance at 
the start, but are lined up as closely as those of the ordinary type 
of engines, but they do get some freedom of motion through wear | 
at the corners after a short time. 

There is no apparent reason, from the point of view of theory, 
why the bending strain should be absorbed in the first few inches | 
of the rod; on the contrary, there is nothing to arrest the tendency | 
of the crosshead to rotate, except the pistons pressing against the 
walls of the cylinders until the lost motion is all taken up, and the 
guides prevent further rotation. The stuffing box, in the present 
instance at least, may be neglected, since the packing is metallic, 
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and provides for far greater lateral motion of the rod than the 
flexure ever amounts to. 

This being so, the piston-rods held at the end by the pistons 
simply act like cantilevers levelled at the end, and must be bent 
throughout their length. 

The proof of this is that the cylinders are worn in a very un- 
usual way which can be accounted for only by this action of the 
pistons in trying to resist the rotation of the crosshead. 

The flexure is undoubtedly greatest at the crosshead end, espe- 
cially as the section at which fracture occurs is smaller than the 
body of the rod, but all flexure not absorbed here must be dis- 
tributed throughout the length of the rod as in any other 
cantilever. 

The same speaker also says that this action only takes place 
when the engine is starting, and that thereafter the pressures 
on the two pistons are so nearly equalized that the bending 
effect is comparatively slight, but in this he is in error, as a 
matter of both fact and theory, for actually, as observed from the - 
engine itself, the tilting which causes the bending goes on all the 
time. 

It is perfectly true that the inequality of pressure on the two- 
pistons is greatest when starting, and live steam is turned into the | 
low-pressure cylinder, but if Mr. Suplee will take a complete set 
of indicator cards from both cylinders of one of these engines, or 
lay out a set to suit the given conditions, he will find that it is im- 
possible to have more than one load (and in practice not that) at — 
which the pressure is even approximately alike in both cylinders” 
throughout the stroke. | 

The work may be approximately equal in both for quite a wide | 
range, but the pressure on one piston will be greater at one end 
of the stroke than on the other, and less at the opposite end, prac- 
tically in every case. 

It is to be remembered that only a trifling difference of pres- 
sure on the two pistons is necessary to tilt the crosshead, until 
the lost motion is taken up, and therefore that it is safe to say 
that the crosshead ‘s tilted every stroke when the engine is 
running under steam. 

For corroboration of this statement, those who are interested 
are advised to examine the indicator cards published by the 
Baldwin Locomotive Works themselves, a few years ago, in a 
pamphlet descriptive of these engines. Mr. Suplee also states 
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that the stress which comes on these rods is more like a hammer 
test or drop test than an ordinary bend, and here again I am com- 
pelled to differ with him. The stresses alternate in direction 
very rapidly, it is true, but so do those in a rod revolving between 
lathe centres at a high speed and carrying a heavy weight at the 
centre, yet that is not a hammer blow or analogous to it. The 
criterion of a hammer blow or drop test is that the test piece 
shall absorb the energy of the drop, but in this case the energy 
of the crosshead and the work of resisting the suddenly applied 
bending movement are taken by the guides and the crosshead 
wings, the work done in bending the piston-rods is insignificant 
as compared with that expended on the above parts, and there 
fore while a suddenly applied and reversed stress, this is not in the 
nature of a blow. Mr. Henning’s remarks in part resemble those 
of Mr. Suplee, and need not be dealt with separately in those 
parts, except to say that whether or not clearance is allowed be- 
tween the crosshead and guides does not affect the bending mo- 
ment at all, but only the extent to which the rods can be flexed, and 
therefore, as before stated, the crossheads are, in practice, lined 
up as closely as possible consistent with good working, and it 
would be highly desirable if they would stay so, so much so that in 
our case we have substituted cast-iron gibs for the babbitt facing 
on the crossheads, because, under the heavy pressure at the cor- 
ners, the babbitt flows and is forced out, while the cast iron does 
not. 

The same speaker says that the stress produced by live steam 
in the low-pressure cylinders is not given, and evidently thinks 
that that may account for the fracture, although the fracture itself 
precludes such a possibility by its appearance. 

Moreover, all the data are given to make this calculation, and 
are as follows: diameter of cylinder, 17 inches; diameter of rod at 
shoulder, 2 inches ; pressure of steam, 150 pounds. 

From this it is seen that the tensile stress due this course is 
about 15,000 pounds per square inch, which is entirely insufficient 
to cause such breakages. The same speaker says the rods were 
not originally designed to stand this pressure, and had to be made 
heavier to do so, but he fails to give his authority for this state- 
ment, which seems improbable ; and, moreover, the makers made 
the rods in the second of these engines } inch smaller in the 
body than the first, although the shoulder and taper are the same 
in both. 
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As regards the part of his remarks bearing on the chemistry 
of the subject, Mr. Henning says that sulphur is a strengthener 
and hardener,which is probably correct as far as it goes, although 
no one has yet come to the point of demanding high-sulphur ma- 
terial for these properties ; but leaving for the moment this point, 
he further says that manganese is a softener; that the high 
manganese contents of the No. 1 rod would make it more ductile, 
and therefore give it greater life. He then proceeds to say that 
manganese and sulphur act in the same direction, and that the 
effect of both is similar to that of carbon. But if one be a soft- 
ener and the other a hardener, how can the effect of both be the 
same ? 

It is quite in order here to point out the comparatively small 
variations in sulphur and manganese, and the large one in the 
varbon, also the lack of any obvious connection between the 


carbon. 
Moreover, the fact that a speaker should think that an element 


better able to withstand unusual stresses, shows how much need 
there still is for missionary work along this line, since it was the 
expressed purpose of the paper to supply confirmatory evidence 
to the opposite of that proposition. 

Whether the evidence is valid on this point, each one must de-— 
cide for himself. 

The proposition of Professor Sweet is undoubtedly in the right — 
direction, and that was probably the idea the makers had in 
mind in reducing the body of the rod forward of the shoulder. 

It is hardly possible, however, to make the rod smaller than the 
large end of the taper, as it properly should be, because the ten- 
sile stress would be too high for safety, but if the shoulder, collar, 
and taper were all increasd in size so that the large end of the 
taper, where the fractures have all occurred, were made larger so 
that the latter part were, say, a quarter of an inch larger than the - 
body of the rod, then the trouble would probably disappear en-— 
tirely, especially if a material of a moderately high carbon-con- 
tents were used, 

The collar would not involve any additional complication in the 
packing and glands, since these all have, with the present shoulders 
on the second engine, to be made in halves, held together by 
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threaded rings long enough to go over the collar. The crossheads 
in the present case, however, have not enough material in them to 
permit of this enlargement of the socket with safety. 

This construction would also avoid the obstacle mentioned by 
Professor Sweet in the case of the reduced rods, that no one 


would buy an engine which had them. eee 
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a 
PLEA FOR A STANDARD METHOD OF CONDUCTING 
ENGINE TESTS. 


mast BY GEORGE H. BARRUS, BOSTON, MASS, 


(Member of the Society 


TuE action of the Society in the past in devising standard 
methods of tests in various lines of engineering is well known to— 
the members, and it is believed that the work thus far done has 
been creditable to the organization, and has given the Society a 
position in the engineering world which it would not have oceu- 
pied if it had followed a different policy. In the steam engineer- 
ing line we now have a standard of boiler testing (.\tlantie City 
meeting, 1885), a standard method of conducting duty trials of | 
pumping engines (Richmond meeting, November, 1890), and — 
standard methods of testing locomotives (Chicago meeting, August, 
1893); but we have thus far no standard which applies to the © . 
general subject of engine testing. Having done so much in | 
making uniform the various methods of tests in steam engineer- 
ing, it is evident that further standardizing should be undertaken, 
so that the whole subject may be covered. It seems to me that 
the time has come when the Society should take up this matter 
and appoint a committee for devising a standard method of — 
making engine tests in general. Its work in this line will then _ 
be no longer incomplete. 

The present need of a standard method of testing engines is 
perhaps less urgent than that of testing boilers, pumping engines, 
and locomotives, which have received attention at the hands of 
the Society; but the same general reasons may be advanced in 
its favor as those which may be found in the reports of the various. 
committees ; that is, to bring the methods of testing employed by 
ditferent experimenters into harmony with each other, and to in- 
augurate a standard method of reporting the results of engine 
tests and of expressing engine efficiency. 


resented at the Niagara Falls meeting (June, 1898) of the American Society 
of Mechanical Engineers, and forming part of Volume XIX. of the Zransactions. 
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The determination of a standard method of testing engines in 
general would naturally precede the determination of methods of 
testing individual types of engines; or, if it did not precede such 
work (as, in the case under consideration, it cannot), it should be 
so far in harmony with the individual methods that there might 
be no interference. So far as the working of steam in the eylin- 
der is concerned, one type of engine is very much like another, 
whether its force is expended in turning a shaft for generating 
power to drive a mill or other mechanism, or to pump water, or 
haul a train of cars; and the operations of determining the effi- 
ciency with which the steam performs its work are much the same 
in one as in another. Looking at the subject from this single 
point of view, it is a late day to be advocating a standard method 
of general engine testing, for it should preferably have been taken 
up prior to the work done by the committees on duty trials and 
locomotive testing. Nevertheless, the work is something which I 
have long thought should be undertaken; and if, owing to the 
exigencies of the times, the best order has not been followed, it 
is not too late to correct the error, if such it be. 

I am inclined to the belief that it would be well now for the 


Society to not only prepare a standard of general engine testing, 


as suggested, but, at the same time, to revise the work of the two 
committees on duty trials and locomotive tests, in so far as should 
be done to bring all three into harmony; and then combine the 
whole subject of engine testing, whether it be on one type of 
engine or another, into a single report. There is so much in 
common amongst steam engines used for different classes of 
work, that there ought to be little difficulty in devising a standard 
of testing and reporting efficiency which would be applicable to 
all, whether employed in pumping water, hauling trains, operating 
electric generators, propelling ships, or driving any other kind 
of mechanism ; and, furthermore, there ought to be no difficulty 
in modifying such a standard so as to make it applicable to the 
peculiar conditions of service required in any individual case. Ii 
a revision of the work of the two committees referred to should 
be undertaken, I would not advise changes in the substance o 
their recommendations ; for these, so far as I know, are accept 
able to the Society. What I do suggest is that the whole matter 
of engine testing be brought into one uniform system, with suit- 
able modifications adapting it to individual requirements; an | 
publish the report or code, whatever it may be called, in one con- 
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prehensive document. If this were done, the Society would have | 
simply two standard systems of making steam-power tests: one — 
relating to boilers, which, at the date of writing, is about to be 
submitted in the form revised by the committee of 1895 for the 
consideration of the Society, and the other relating to engines. 
The subject of steam-plant tests would then be in such shape as 
to be most convenient for the use of members and others inter- 
ested, and it would be of increased value to colleges, which, as I 
understand, regard the Society’s reports as valuable standards of 
reference in the instruction of students. 


SUGGESTIONS AS TO A STANDARD SYSTEM OF TESTING ENGINES. 


The principal data required for an efficiency test of a steam- 
engine are the weight of steam consumed and the amount of 


power developed. These two elements of data are fundamental 
whatever the type of engine and whatever the class of work per- 
formed. It is evident at the outset that a system of engine test- 
ing applicable to all engines would be a method of determining 
these quantities. Consequently the proposed standard would 
relate primarily to these two things and to the expressions of effi- 
ciency derived therefrom. =~ 


If, for the moment, we pass by the steps required to obtain the 
necessary data, and take up the problem of bringing into uni- 
formity the methods of reporting the results obtained from 
different classes of engines, the subject arranges itself in a simple 
manner. ‘The desired uniformity will be secured if the tabular 
summary of results is expressed in two sections: the first sec- 
tion dealing with such data as apply to the working of the 
steam in the cylinders, apart from the peculiarities of the service 
which the engine performs, and the second section giving the 
data and results pertaining to the special individual work. Fol- 
lowing out this scheme more in detail, the first section of the 
tabular report would contain all the data of measurements of feed 
water, of steam used by the jackets and reheaters if these were 
employed, the quality of the steam, the weight of steam used by 
the auxiliary apparatus, and all the data of the various pressures, 
temperatures, and speed relating to the work of the engine, includ- 
ing the pressures and other data obtained from the indicator 
cards. It would give the horse-powers developed, the weight of 
steam consumed by the engine and by the auxiliaries in a unit of 
time per unit of power, the deductions from an analysis of the 
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indicator diagrams, and the total number of heat units consumed 
in a unit of time per unit of power. It would also present the 
standard decided upon for the expression of efficiency. 

The second section of the tabular report would vary with each 
class of engine. In this section there might be five subdivisions, 
one applying to each main class of engines. 

The classes which suggest themselves to me are as follows: 

1. Factory engines, or engines employed in the production of 
power in general. 

2. Pumping engines. 

3. Locomotives, () shop tests, (1) road tests. 

4. Engines employed in generating electricity. 

5. Marine engines. 

In the first subdivision of the second section, that relating 
to engines for general work, few additional data need be given 
beyond those found in the first section. Engines in general are 
employed in generating power for such a variety of mechanical 
operations that the simple expression of efficiency, based on the 
quantity of heat or steam used per gross or net horse-power per 
unit of time, covers essentially the whole ground. This section 
might, however, present the data and results of a coal test of the 
engine where this was made, in which case it would give the 


weight of coal burned and all the various results depending | 


upon it. 
The second subdivision of the second section, that relating to 

pumping engines, would present the special data in regard to the 

work of the water end of the engine, such as the quantity of water 


pumped, the number of feet lifted, and all the special data which © 
are given in the report of the duty trial committee in vol. xii. of 


the Transactions. In this section would appear the results 


expressed in terms of “duty,” including the standard based on — 


one million heat units. 

In the third subdivision of the second section, viz., that relating 
to locomotives, there would be two parts: one pertaining to shop — 
tests and the other to road tests; and in both of these there— 
would be the special data pertaining to the work of the locomo-_ 
tive, as formulated by the report of the committee on locomotive 
tests in vol. xiv. of the Zvansactions, including the standard of 
efficiency therein determined, viz., the quantity of so-called 
“standard coal” used per dynamometer horse-power per hour. 

In the fourth subdivision of the second section, that relating to_ 
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engines for driving electric generators, data would be given em- 
bracing the quantity and intensity of the current generated, the 
electrical horse-power developed, and the efficiency of the genera- 
tor. In the case of railway engines this would also include the 
current delivered to the motors on the line, and expressions of 
efficiency based on car mileage. 

The fifth subdivision of the second part, that relating to marine 
engines, would present such data as pertain specially to marine 
work, such as the quantity of coal consumed and the results bear- 
ing upon it, the speed of the vessel, the slip of the screw, and the 
tonnage moved a given distance per unit of power. 

The above is an outline giving the main features of one method 
of formulating the tabular reports so as to secure the objects in 
view. 

Returning now to the methods of obtaining the data, one of the 
most important elements of data required is the quantity of work 
which the steam performs. The work done by the steam in an 
engine cylinder has in the past been ascertained, and probably will 
continue to be ascertained, by the use of the steam engine indicator. 
The reliability of this instrument is the foundation upon which a 
correct determination of the engine's efticiency rests. How the 
indicator should be applied, how it should be operated, how its 
springs should be calibrated, and how the diagrams which it pro- 
duces should be read and investigated, are questions which should 
be settled by the proposed standard method of engine testing ; 
and to these questions little attention has been given and little 
required at the hands of previous committees. It may not be out 
of place to recall the fact that there is no accepted method 
amongst engineers of calibrating indicator springs ; and it seems 
to me that in the work suggested, investigation and recommen- 
dation should be made as to the best mode of dealing with this 
important subject. 

If the suggested arrangement of the tabular reports be fol- 
lowed, they would be preceded by a similar arrangement of the 
methods laid down for determining the various data. In the first 
place, directions would be given for ascertaining the data of the 
first section, or that applying to all engines, whatever their type; 
and these would cover the ground with that completeness which 
characterizes previous reports. Much of the material applicable 
to engines in general, given in the reports of the duty trial and 
locomotive test committees, would appear in this section, and 
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would there be dealt with once for all. The second section would 
simil: arly be divided into the subdivisions named, and in each of 
the various subdivisions complete directions would be given for 
obtaining the special data applying to the individual case. In the 
matter of duty trials and locomotive tests, the subdivisions would 


I have thus indicated, in a very general way, what may be done 
to standardize engine tests covering all classes of machines, not 
with a desire to anticipate the action of a committee, should the 

_ Society see fit to appoint one, but rather to bring the subject to 
attention and “set the ball rolling.” 


P rof. R. C. Carpenter. —I heartily concur with the suggestions 
-made by Mr. Barrus in regard to the advantages which might re- 
~ sult to the Society by the consideration of various methods of 
testing engines and by the adoption of standard methods for each 
case. 

In addition to the advantages enumerated by Mr. Barrus, the 
_ writer would call attention to the desirability of expressing the 
results in a uniform manner. This is fully as important as the 
consider ration of standard methods of perfor ming the test, and 

aus would naturally form a part of the report of the committee. 
The writer has given the matter considerable thought during 
the past few years in connection with the testing of various plants 
ody advanced students in Sibley College, and has worked up a 
a — number of forms for reporting the results. These forms are nat- 


: urally more or less imperfect, but are here submitted, believing 
that they may prove to be at least suggestive to the committee in 


; charge of the proposed standard method of engine testing. 
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DEPARTMENT OF EXPERIMENTAL ENGINEERING—SIBLEY COLLEGE. 
REPORT OF ENGINE TEST. 


Duration of run............ Hours Diameter of cylinder inches. 
Revolutions per minute Length of stroke 
Te miperature condensing water, cold,, Diameter of piston rod 
“warm. Piston displac ement, crank end... ft. 
condensed steam.... head “., 
engine-room olume of c learance, pe recent. 
Boiler-pressure gauge ...... Maker of indicator 
Barometer inc Ibs. per in. 
Condenser. Length of bruke arm 
Boiling temp., atmospheric pressure.....F°, Brake load...... 
Temperature of jacket water eine Qué ality of steam at cut-off 
T otal steam per hour, boiler test ‘ “release 
condensed pressure gauge 
Total jacket water per hr A ce Cut-off, crank end 
condensing water per hr head 
Wt. condensing water per Ib. steam Release, 
Tots ltl. head * 
D. Cc ompre ssion 
Mechanical efficienc y rent. head 
Moisture in steam, - Absolute pressure at point of cut-off... 
Steam per I. ~ ** release. 
I back pressure 
Mi I. H. P. bead 
Steam H. P. hour of pe owe 
Thermodynamic efficiency Total lL. H. P 
Ratio actual to theoret. wate r consump.. Steam ber I. point cut-off per Dia.. 
Heat supplied per hour = release 
discharged per hour, ..... Jacket water Ibs. per hr. 
utilized per hour.. peices a ” Per cent. of total jacket water 
B. T. U. per I. H. P. pe Jacket-water receivers 
Ratio or expansion coseees..--.., |Per cent. of total jacket water 
Distribution of work. H. P. as 1 
Heat received per minute ‘ 
nt of work per minute 
discharged per minute a 
lost by radiation per minute, . 
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DEPARTMENT OF EXPERIMENTAL ENGINEERING—SIBLEY COLLEGE, 


Test of Simple Engine built by 


Clearance, Head, per cent Dia. Piston Rod, inches | Date... 
” Crank, “* ...... Piston Area, sq. inch, Head ....| Test made by 
Steam Port Area, sq. inch...... 
Exhaust Port 


REV'ONS GAUGE READINGS ‘TEMPERATURES. Wetauts. 


- 


| Brake Load......... 


Condensed Steam 


Steam Pipe..... 
Condenser. . 
External Air...... 


| Condensed Steam, 
| Cu, ft, Inject’n Water,... 


Injection Water. . 

| Discharge Water. 

| 

| Steam Pipe, 

| Ste'm Ch’st, TI, 

| Injection Water..... 


' 


Engine Room.... 


| Barometer...... 


| Speed Indicator .... 
| Boiler..........., 


| Continuous Counter 


= 
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HIRN’S ANALYSIS—DATA AND RESULTS, 
Form III. 
PER 100 STROKES. 
Test by 


QUANTITIES. | bois. FoRMUL. Pressure. Inter P. Low P 


Steam from boiler, lbs.................. : 
Steam in clearance, 

Steam used by calorimeter, Rachukeseeeen 
Steam, tots al, 


( water. Ibs 

Heat given to condensing water 

Heat supplied to engine................. : 
Sensible heat at admission. 

Internal heat at admission 

Sensible heat at cut-off 

Internal heat at cut-off. 

Sensible heat at release _.. 

Internal heat at release 

Sensible heat, beginning of compression... 
Internal heat, beginning of compression... 
Cylinder loss during admission 

Cylinder loss during expansion 

Cylinder loss during exhaust 

Cylinder Joss during compression 

Heat discharged, and work 


Steam supplied jacket 

Heat supplied jacket. 

Heat discharged, jacket 

Heat loss, jacket. 
‘Total loss, cylinder and jacket .......... : 
Heat loss, 1st receiver jacket............. ' 
Heat loss, 2d receiver jJacket........... 
Quality of steam entering. ............. 
Quality of steam at cut-off | 
Quality of steam at release................. 
Quality of steam at admission 

mary of steam in exhaust................ 
Heat lost, admission 

Heat restored, expansion 

Heat rejected, exhaust 

Heat lost, compression 

Heat utilized, work 

Heat lost, radiation 

Ratic, radiation to work 

Ratio, cyl. condensation to work .......... 
Thermodynamic efficiency 

Actual efficiency 

Efficiency compared with ideal. 

Radiating surface of engine 

Loss per sq. ft. per hour 

Loss per sq. ft. per hour 

Loss per degree diff. tempt 


Mr. J.B. Stanwood.—My. Barrus in his paper classifies engines 
in accordance with their service. Group 4 embraces engines em- 
ployed in generating electricity. I would suggest that attention 
be given to the determination of variations in steam consumption 
per indicated horse-power as affected by variations in load for 
engines of this group. 

It is commercially important to determine for engines in this 
service what our electrical friend (in relation to dynamos) call- 
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the “characteristics.” This is the relation between pounds - ’ 


steam per indicated horse-power and the load-limit: 4, 4, 2, full 
load and over load. 

Information is sorely needed to-day upon this point, in order 
that more exact knowledge may be obtained of the economical 
value of different types of engines employed in this service. . 

Mr. William T. Magruder.—Mr. Bryan Donkin mentions in his 
paper the subject of gas and oil motors, but omits them from his 
classification, and also omits the fourth division of Mr. Barrus’s 
paper on engines employed in generating electricity. I should 
like to see not only this fourth class retained, but also a sixth 
class added to Mr. Barrus’s suggestions, namely, those engines 
which are run by gas or oil. The engines in the five classes 
mentioned by Mr. Barrus are all based on physics, but with gas 
and oil engines we have to do not only with physics, but with 
chemistry, and those of us who have made accurate tests of gas 
and oil engines find that there is a large amount of difficult chem-— 
istry involved. Not only do we have the physical problems, such — 


as the determination of the fuel and water consumption, the tem- 
peratures of the fuel, air and water and the like, but we also — 


the chemical problems of the calorimetry and analysis of the gas 
or oil and of the exhaust gases. If the problem of coal calo- 
rimetry has been a difficult task when a few grammes of coal are | 
used for a sample, how much greater need is there for skill and 
accuracy when but a few milligrammes of the gas are used for a 
sample. Another special problem arises in the necessity for the 
invention and use of a continuous indicator. The need for such 
an indicator is brought about by the fact that both in the present — 
“hit and miss”’ and in the throttling systems of governing we do 
not get the same initial pressure nor the same area of indicator 
cards in successive cycles or double strokes, so that it is possible 
to obtain high or low mechanical efficiencies, according to whether 
the cards taken were small or large ones. A similar problem 
arises in counting the number of explosions in order to determine 
the indicated horse-power, as it does not necessarily follow that 
the fuel is exploded or burned in all gas or oil engines every time 
a charge is taken. These are but a few of the many problems 
arising in the tests of these engines which do not obtain in the 
case of tests of steam engines. If this committee is appointed, 


I would therefore suggest that it be requested to also consider 
the addition 
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Barrus, and that it formulate a standard method of testing gas 
and oil engines and report the same to this Society. 

Mr. Chas. W. Barnaby.—There is one point in connection with 
the tests of engines that it seems to me should be covered by this 
system of standard tests, and that is the point of cut-off. The 
expert who conducts an economy test is frequently called upon to 
decide whether the dimensions of the cylinders on the engine are 
such as will give the specified power at the specified point of cut- 
off. The question is, What is the “point of cut-off"? A single 
cylinder engine is usually required to develop a given power, cutting 
off at } stroke. Now, what is meant by § cut-off? In the case of 
the Corliss engine, where the steam-line is carried out practically 
straight, we get a straight initial line and quite a sharp cut-off. 


--- 
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On the Corliss engine actual closure of the port at } stroke will 
give very different results from those which would be obtained 
from the single valve engine, when the initial line is rounded 
down to a considerable dergee before the actual cut-off takes 
place. Fig. 171 illustrates this. 

The idea is that, supposing the upper line (A) to represent 
the admission line of a Corliss card, and the lower curve (A/’) 
that of a single valve card, the point (4,4) of actual port 
closure being in both cases on the line (C?/)) representing { 
stroke, it is evident thet, taking the point of actual closure at + 
stroke, we get a higher degree of expansion on the single valve 
engine than we do on the Corliss, leaving the clearance out of 
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consideration. Of course the extra clearance in the single valve 
engine has a tendency to raise the terminal pressure, and thus 
reduce the number of expansions; but I think that ordinarily, 
with an actual closure of the port at } stroke, the terminal pres- 
sure of the single valve engine would be lower than the Corliss, 
thus giving a greater number of expansions on the single valve 
than on the Corliss engine.* 

It therefore seems to me that the point of actual port closure 
is not the proper basis upon which to determine the rating of the 
engine. I take it that when { cut-off is specified by the purchaser 
as the basis upon which the rating of the engines offered him is 
to be determined, le desires the economy corresponding with a 
theoretical } cut-off rather than an actual closure of the valve at 
any particular point. In other words, that the point of cut-off 
should be at such point on the curve ('H or CE? due to } cut-off on 
a horizontal initial line as will give a rate of expansion which will 
correspond with a theoretical closure of the port at C*%. The 
important point is to secure economy by getting a certain degree 
of expansion. It is not material as to the exact point at which the 
valve actually closes. Therefore, if the standard method of con- 
ducting engine tests is intended to cover the determining of 
capacity as well as economy of engines, it seems to me that the 
manner of determining the point of cut-off should be established. 
Possibly it should be measured from the actual clearance line 
FG or FG. Lam not quite clear as to the exact point from, 
and to, which it should be measured, and possibly that does not 
make so much difference, provided all parties understand what 
the point of cut-off is based upon, so that when a manufacturer 
guarantees that his engine will develop such a power at such a 


*Upon platting out the cards in the above figure with about 3 per cent. clear- 
ance for the Corliss and 12 per cent. for the single valve engines, I find that the 
Corliss card A B* E* H® A and the single valve card A B? FE? H? A, each hav- 
ing an expansion corresponding with that which would result from a sharp cut-off 
at the § stroke on the horizontal steam line A/ and a point of actual port closure 
at B* and B* respectively, have practically the same area, giviug some 41 pounds 
M. E. P. at 80 pounds initial pressure. On the other hand, if the point of ac- 
tual closure is taken at | stroke, at B and B’, giving a Corliss card A B FE H® A 
and a single valve card A B E’' H' A, the former will have about 40 and the 
latter only about 29 pounds M. E. P.; the rate of expansion being that which 
would be due to a cut-off at C, about .24 stroke, in the first case, and at C, about 
.16 stroke, in the second case. 

I also find that the terminal pressure / of the single valve card does fall below 
the terminal pressure # of the Corliss card, as I predicted at the meeting. 
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point of cut-off, he will know how it will be understood by the 
purchaser and the expert who conducts the test. 

Prof. S. W. Robinson.—What should be considered the point 
of cut-off? Ithink there should be some such term as effective 
cut-off or theoretical cut-off laid down and established by this com- 
mittee when its work is done. Undoubtedly that question has 
been up in the minds of many gentlemen here. Taking this dia- 
gram Fig. 172 as drawn, this curve ///'G, for instance, is the 
=. 


<= 


| 


Fie. 172. 


actual curve given by the indicator. Now, at some point near /” 


the actual cut-off or actual closure of the valve occurred, so that the 
actual cut-off or the actual closure of the valve would be found by 
be a vertical line from F up to £. That point would be not 
far from where the counter-curvature at /’ occurs, and that is the 
point in the stroke of actual closure of the valyve—but not the point 


of effective cut-off that I wish to call attention to. I think that 


some point C should be obtained by continuing the line GF back 

on some steam curve line FC to C to find the effective cut-off. 

That point should always be brought out in connection with tests. 

Attention is called to this important matter, and it is believed 

that the instructions to this committee that shall be appointed 

should be such as to require them to establish some point (C’ as 

the true theoretical point of cut-off and defining the line FC, 

<5 nL: even in the case where there is considerable curvature DF of 
the actual indicator line. 


Mr. Barnaby.—I would like to ask Mr. Robinson whether he 
- would measure that point from the end of the card or from the 


clearance line; also as to whether the terminal pressure ought 
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not to be taken into consideration too. Of course either of those, 

I presume, would be sufficient. But it seems to me that either 
the clearance or the terminal pressure ought to be one of the | 
elements ; probably the terminal pressure would be better, because 
the varying amounts of compressions would affect the terminal 
pressure, while they would not have any particular bearing on the 
clearance. So that if the theoretical point of cut-off was taken in 
connection with the terminal pressure, tliere might be some satis- 


factory standard arrived at. My idea is that what we want ie. 

get at is the number of expansions, and that could be best ang q 

probably, by taking in the terminal pressure as one of the ele- 

ments. 
Professor Robinson.—In answer to the question, if you will allow r ‘ 

me a second word, the amount of steam admitted should not be ¥ 

taken as /7E nor HC, but the compression line should be ex- 

tended according to some steam lines from J to D to this top line. 

Now, 

should be compared with the length J to obtain the ratio of 

expansion, As to what steam line J/) should be, it is quite a 

question whether it should be the adiabatic steam line ; but the— 

curve to make on the board or on the diagram to establish )) would | 


be quite a question. There would be many points involved, such | 


ete., just as in this curve FC. 

Mr. A. Wells Robinson.—If this Society is to undertake the con- 
sideration of this subject, I should like to see it considered from. 
two points of view. The first is the scientific point of view. I 
have no doubt that they will give that point of view every atten- 
tion. The other point of view is that of the owner of the engine ; 
and it seems to me that what we need to supply him with is some — 
approximate system of obtaining just the information that he wants. 
It does not seem to me to be of much use to undertake a very 
elaborate system, to carry it out to, say, eight or ten places of deci- a 
mals in an engine that is subject to a variation of 100 per cent. fF: 
every five minutes; and what the owner of the engine wants to know ; 
in the majority of cases is the cost of his coal-pile, and how it oo 
be reduced, if possible. 


Mr. George H. Barrus.*—T heartily concur in the suggestion of 
Professor Magruder to include gas and oil engines in the scheme 


* Author’s closure, under the Rules. 
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for the proposed standard system of testing, and I have no doubt 
that the committee will adopt his suggestion. The printed forms 
used at Sibley College, which Professor Carpenter submits, will 
be of value to the committee when they come to consider in what 
manner the tables of results had best be presented. The question 
as to the proper location of the point of cut-off on the diagram, 
brought up by Mr. Barnaby, is important, and this is one which 
should be settled by the proposed standards. I agree with Mr. 
Robinson that the matter under consideration should be viewed 
not only from the engineering standpoint, but also from the com- 
mercial standpoint. The interests of the owner and user of an 


engine should certainly be remembered, whatever action is taken. 
As to Mr. Stanwood’s suggestion, that it would be well to in- 
vestigate the relative economy of engines at different loads, it 
seems to me that, although very desirable, this is work for an in- 

dependent committee rather than for the one proposed. 
NOTE BY THE SECRETARY.—Mr. Barrus’s paper was presented and discussed in 
connection with the paper of similar tenor by Mr. Bryan Donkin, of London, 
England, entitled, ‘‘ Extension of the Standard Uniform Methods of Conducting 
and Reporting Steam-Engine Tests.” Readers and students are referred also to 
the discussion appended to that paper, which will be found as No. 786 of the 

current volume. 

As the result of the discussion the Council was authorized and directed to ap- 
point a committee to consider the question treated by Messrs. Barrus and Donkin. 


This committee, subsequently appointed, consisted of Messrs. Boyer, Barrus, 
Donkin, Jacobus, and Richmond. 
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DCCLXXXIL* 
THE PROTECTION OF STEAM HEATED SURFACES. 
BY C. L. NORTON, BOSTON, MASS, 


THE investigation, of which this is a partial report, has been | 
undertaken at the request of Mr. Edward Atkinson, and has 
been pursued during a large part of the years 1896 and 1897, 
and is yet uncompleted. The first object sought for was the 
relative efficiency of several kinds of steam pipe covering now 
upon the market. The second object was to ascertain the fire 
risk attendant upon the use of certain methods and materials 
used for insulation of steam pipes. Third, an attempt was made 
to show the gain in economy attendant upon the increase of 
thickness of coverings, and to show also the exact financial 
return which may be expected from a given outlay for covering 
steam pipes. Further information is given on many minor 
matters and conditions effecting the transfer of heat from a 


steam pipe to the surrounding air. 
‘Uae? 


The method adopted is one which, so far as I know, is 
original. A piece of steam pipe is heated from the inside 
electrically. The amount of electrical energy supplied is meas- 
ured, and hence the amount of heat furnished is known. If the 
steam pipe is kept at a constant temperature by a given amount 
of heat it is because that amount is just equal to the heat it is 
losing, for if the supply were not equal to the loss, the temper- 
ature would rise or fall. In other words, the heat put into the — 
pipe is Just equal to the heat lost from it by radiation, convec- 
tion, and conduction. By measuring the electrical energy sup- 
plied I can determine the heat put in, and hence the heat given 
out or lost. It must be borne in mind that a given amount of 
electrical energy always produces the same definite amount of 


+ 


* Presented at the Niagara Falls meeting (June, 1898) of the American 
Society of Mechanical Engineers, and forming part of Volume XIX. of the 
7ransactions. 
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heat, the amount of heat furnished by one electrical unit of 
energy being known with greater accuracy than the amount of 
heat given out by a pound of steam in condensing. 


Apparatus. 


The apparatus for making tests by this method comprises: 
several pieces of steam pipe of different diameters and lengths, 
heated electrically from within by means of coils of wire in oil. 
The oil is stirred vigorously, and serves as a very efficient carrier 
of heat from the wires to the pipes. A brief description of the 
smallest tester may make the details of the apparatus more 
easily understood. 

A section is shown in Fig. 173. 

A piece of 4-inch steam pipe, 18 inches long, is closed at one 
end by a plate welded in, and at the other by a tightly fitting 
cover. This pipe is then filled with cylinder oil, and a coil of 
wire of sufficient carrying capacity and a stirrer are introduced 
into the oil. A thermometer is inserted in such a position as_ 
to record the temperature of the oil, An ammeter and vyolt- 
meter or a wattmeter may then be connected so as to record — 
the amount of electrical energy supplied. The stirring must 
be brisk, and if enough power is put into the stirrer to be com- 
parable with the electrical energy supplied, such amount must, 
of course, be added, as it also is converted into heat. It is my 
custom to suspend the apparatus in the middle of the room on — 
non-conducting cords, and read the thermometer with a tele-— 
scope, so that no heat from the person of the observer may be 
added to the supply given to the cover from within, and also 
that care may be taken not to produce air currents by walking 
near the apparatus during a test. 


In making a test the following operations are carried out, and 
observations are taken in the following order : 

The current is turned on, and heat is generated in the wire 
coil until the wire, oil, and steam pipe have reached the desired 
temperature at which it is proposed to test. The current is 
then gradually diminished until it is found to be of just th 
amount necessary to keep the pipe at this temperature without 

or fall of ;'; of a degree in 30 minutes. A reading of the 
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voltage and current is now taken at intervals of 30 seconds, and 
the watts and B. T. U. are computed from their average. We 
then have the number of B. T. U. lost from the outside of this 
particular pipe at this particular temperature. If now we place 
a steam pipe cover around the pipe, we shall find that a less 


Volts 


Amperes 


ah 


 Stirrer 


- Wire heater 


amount of energy is sufficient to keep it at the required temper- 
ature, the difference being the amount of heat saved by the 
covering. The minimum length of time considered sufficient 
for the equalization of heat or “soaking in” to the cover is six 
hours. If, after a second heating of six hours, no change in the 
conducting power is noted, the cover is considered in a per- 
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- - manent condition, and is tested. Some covers, notably those 
~ composed wholly or in part of wool, cannot be considered dry 
7 _ and constant until after an exposure upon a pipe at 200 pounds 
7 pressure for six or eight days. Covers containing sulphate of 
lime are also slow in drying. 
- The three thermometers used were frequently standardized 
- in naphthaline, and were examined to note any disagreement 
among themselves. 

A discussion of the position of the tester and its exposure to 
air currents will be found in a later paragraph. 


Ri ults. 


A comparative test was made in 1895 upon a number of 
steam pipe covers on a 4-inch tester 16 inches long. The 


results obtained have been published in the circulars issued by 
— the Boston Manufacturers’ Mutual Fire Insurance Company 
and by the Steam Users’ Association. The values were stated 
to be purely relative, the specimen being too small to give reli- 
able data on the absolute conduction, and the surrounding con- 
ditions not being controlled other than to maintain them 
constant during the several runs. The ends of the specimen 


were covered by massive heads, and the whole tester was 
situated within a few inches of a brick wall and a stone pier. 
It was called to my attention that the heat loss was probably 
high, and I agree that the exposure was such as to make it so, 
being a rather harsh test, but one which was rigidly uniform in 
its requirements of the several covers. In short, the actual 
loss of heat per square foot of the pipe surface was correct for 
that particular piece under the conditions of the test, but was 
not sufficient for the estimation of the actual saving which 
might be expected from the general use of coverings. I deemed 
it wise, therefore, to construct new heaters, four and ten inches 
in diameter and thirty-six inches long. These were suspended 
by non-conducting cords in the centre of the laboratory, so as 
; to hang freely and not be in contact with any conducting sup- 

i _ ports. Conduction up the lead wires and stirring rod was 

_ found to be negligible. 

It seems to me that I have approached more nearly the con- 
ditions of actual practice that can be obtained by any other 
method of testing, except the actual use of a long run of pipe: 
and the determination of the amount of heat put into such « 
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pipe by the “ condensation” method offers many difficulties and 
is open to much uncertainty. I feel, therefore, that in adopting 
this method I am using a reasonable exposure for the pipe, and 
have an exceptionally good opportunity to measure the heat 
supplied. 

The general appearance of the testing apparatus is shown in 
Fig. 174. Table I. gives the relative conductivity of the various 
kinds of steam pipe cover tested up to April, 1898. 

It vives the results of the tests upon most of the samples 
tested, some being omitted when found to be of such low effi- 
ciency as to be of doubtful value. 


TABLE I. 


SreEcIMEN. Name. 


Loss from Bare 


Pipe. 
Thickness in 
Inches 


Ratio of Loss to 


Nonpare ‘il Cork Standard 
Octagonal 
ET Manville High Pressure 


= 


Low Pressure ............ 
Magnesia Asbestos........ 
....... Magnabestos 
Moulded Sectional. 
Asbestos Fire Board 


Sr ao 


— et 


Specimen A consists of granulated cork pressed in a mould 


at high temperature, and then submitted to a_fire-proofing 
process. 

Specimen B is similar in composition, but is made up of sev- 
eral strips of cork instead of two semicylindrical sections. 

Specimen C is a sectional cover composed of an inner jacket 
of earthy material and an outer jacket of wool felt, the whole 
being one and one-quarter inches thick. 

Specimen D is a moulded sectional cover "composed of about 
ninety per cent. carbonate of magnesia. 


ros 
= 
| = 
| 
2.20 | 15.9 27 
2 38 17.2 16 
2.38 | 17.2 54 
2.45 | 17.7 35 
2.49 | 18.0 45 
2.62 | 18.9 59 
2 77 | 20.0 35 
I 2.80 | 20.2 nae 
I 2.87 | 20.7 ere 
2.88 20.8 65 
ae 2.91 | 21.0 48 
3.00 | 21.7 41 
3.33 | 24.1 35 
ae Calcite... 3.61 26.1 66 
Dare Pipe I3.84 100 
| 
= 
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Specimen E is essentially an air cell cover, being composed 
of sheets of asbestos paper which has been indented before 
being laid up, the indentations serving to keep the thin sheets 
of paper from coming in close contact with one another, thereby 
causing a considerable amount of air to be held throughout the 
body of the cover. 

Specimen F is composed of a wool felt with a lining of asbes- 
tos paper. 

Specimen G is a cover made up of thin sheets of asbestos 
paper fluted or corrugated and stuck together with silicate of 
soda. 


Specimen H is a plastic covering made of infusorial earth. 


174. 


Specimen | is a low pressure covering similar to Specimen F. 

Specimen J is a plastic cover, and called by the makers mag- 
nesia asbestos. It contains only a slight amount of carbonate 
of magnesia, 

Specimen K.—The magnabestos is a moulded cover, contain- 
ing about 45 per cent. of carbonate of magnesia and a consider- 
able percentage of carbonate of lime. 

Specimen L is composed mainly of sulphate of lime and some 
twenty per cent. of carbonate of magnesia, and has upon its outer 
surface a thick sheet of felt board. 

Specimen O is similar to Specimen G, except that it has 
larger cells and contains rauch more silicate of soda. It is very 


chard and strong. 


bo 
Vv it > | 


ry Specimen P is a sectional moulded cover, composed mainly of 
sulphate of calcium. It has an outer layer of felt board. 

In regard to the compositions of specimens C, J, L, and P, 


calcium and nof carbonate of magnesia. Prospective purchasers 
of pipe covers should not be misled by names. Since the 
“appearance of Professor Ordway’s reports it has been recog- 
nized that carbonate of magnesia was of great value as a non- 


conductor of heat, hence the name “ magnesia” has been applied 
to a great many covers. It is to be observed that there is no 
virtue inaname. Asbestos is merely an incombustible material 
in which air may be entrapped, but when not porous is a good 
conductor of heat. Magnesia is a most effective non-conductor. 
This name has been applied to many compounds of which the 
greater part consist of carbonate of lime, or plaster of Paris, 
materials which are not good as a heat retardant. The per- 
centage of magnesia carbonate and plaster of Paris in several 
moulded sectional covers is given in Table IT. 

_ T have made no investigation of the effect of the raw materials 
- upon the metal of the pipe other than to satisfy myself that the 
_ cork, magnesia, air cell and Imperial covers cause no corrosion. 


- 


TABLE IL. 


PERCENTAGE COMPOSITION. 
Specimen. 

Mg. COs . | Ca. SO,. 
less than 5 65 to 75 


The conditions of testing were such as I have adopted as 
being reasonably near the conditions of actual practice. The 
room temperature was kept at 72 degrees Fahrenheit, and the 
openings into the room were carefully closed. It was found 
early in the series that variation in the amount of moisture 
present in the air altered the amount of heat lost from the cov- 
ers, but no attempt was made to correct for this. The error 


introduced is not greater than one per cent. 
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It was found that the heat loss per square inch of the flat 
surfaces at the ends of the pipes was less by several per cent. 
than the loss from the sharply curved sides, and as all pipe 
 eovers tested were used to cover both sides and ends, the fig- 
ures given in the table show a loss less than would be shown 
- were the pipe surface wholly cylindrical, and more than if it 
were all flat. 

The pipes were suspended from the ceiling, as described in 
an early paragraph, and the air circulating about them was due 
only to their own convection currents. The variation in thick- 
ness in different places on the same specimen was considerable, 
but an average of twenty measurements was taken and results 
given in the table to the nearest one-eighth of an inch. Owing 
to these variations in thickness, the results of a measurement 
of the efficiency of any one cover cannot be used to predict the 
efficiency of a second cover of the same make with an accuracy 
greater than two per cent. Two specimens of each make were 
tested, and in some cases four, the mean value being given in 
the table. 

Table III. gives the saving, in dollars, due to the use of the 
yarious covers. 

Table IV. shows that at the end of ten years the best of the 
covers tested will have saved $46 more than the poorest. The 
difference between the several covers of the better grade is 
exceedingly small. 

The money saving is computed on the following assumptions. 
Coal at $4 a ton evaporates ten pounds of water per pound of 
coal. The pipes are kept hot ten hours a day three hundred 
and ten days a year. If computations are made, as is some- 
times done, on an assumption that the pipes are hot twenty- 
four hours a day three hundred and sixty-five days in a year, the 
saving is nearly three times that shown in Table III. 

Generally speaking, a cover saves heat enough to pay for it- 
self in a little less than a year at 310 ten-hour days, and in- 
about four months at 365 twenty-four-hour days. | 

It is evident that the decision as to the choice of cover must _ 
come from other considerations, as well as from the conduc- 
tivity. 

The question of the ability of a pipe cover to withstand the 
action of heat for a prolonged period without being destroyed 
or rendered less efficient is of vital importance. The increasing 
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use of cork as an insulator has led to many questions as to its 
ability to remain “fire proof.” I have exposed it to a tempera- 
ture corresponding to 350 pounds of steam for three months, 


TABLE 


A........ Nonpareil Cork Standard..... 2.20 11.64 $37.80 
Nonpareil Cork Octagonal. . .| 2.38 11.46 37.20 
y.ee....-|Manville Sectional, H. P.... 2.38 11.46 37.20 
Imperial Asbestos .......... 2.49 11.35 36.80 
Asvestes Air Cell..........; 3.77 11.07 36.00 
_ ere Manville Infusorial Earth... 2.80 11.04 35.85 
Te, Manville Low Pressure...... 2.87 10.97 35.65 
... Manville Magnesia Asbestos. 2.88 10.96 35.60 
Moulded Sectional. ......... 3.00 10.8 
Asbestos Fire Board,........! 3.33 10. 
> TABLE IV. 


| NET SAVING PER 100 Sq. Fr. 

NAME. 1 Year. 2 Years. 5 Years. 10 YEARS. l 
. eee Nonpareil Cork Standard......... $12 80 $50 60 $164 00 $353 00 
Manices Nonpareil Cork Octagonal ........ 1220 49 40 161 00 347 00 
ee Manville Sectional High Pressure..’ 12 20 49 40 161 00 347 00 
11 90 48 80 159 50 344 00 
Imperial Asbestos............ .. 11 80 48 60 159 00 3438 00 
11 00 700 155 00 335 00 
Manville Infusorial Earth......... 1085 46 70 154 25 383 00 
I,......|Manville Low Pressure........... 1065 46 30 153 75 331 00 
J.......| Manville Magnesia Asbestos ...... 10 60 46 20 158 00 331 00 
1050 4600 152 50 330 00 
L....... Watson’s Moulded Sectional ...... 10 20 40) 151 00 327 00 
Hire Beare... 9 20 43 40 146 00) 817 00 


and to a temperature corresponding to 100 pounds for two 
years, and can detect no change, and I am satisfied, as well as 
one can be without the actual experience, that any suspicion of 
its ability to withstand continued heating is groundless. 
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The magnesia covering is, of course, unquestionable on this 
_ ground, being almost indestructible by heating. 
The Imperial asbestos is also perfectly safe from any fire 
risks, as is the air cell and fire board. 
The Manville infusorial earth and also the Manville asbestos 
magnesia are liable to no accident from fire, nor is the Carey 
—ealeite. 
- It is to those covers, the “ W. B.” of the Watson Co., and the 
Lanville sectional and others which possess a composite struc- 
- ‘tare, that I desire to call attention. I do not consider it safe to 
put upon a steam pipe wool, hair, felt, or woollen felt in any 
form. The causes of risk are two: First, the wool may become 
charred by heat from the pipe and finally ignited. However, 
this can hardly happen, even on high-pressure pipes, when the 
thickness of fire-proof material, asbestos, magnesia, or whatever 
it may be, is of as great a thickness as one inch. The second 
and most serious risk is from the presence in shops or mills of 
the long tubes of wool, dry as tinder, often connecting one room 
with another, and ready to flash at the slightest rise in the al- 
ready too great temperature. I would even insist that the can- 
vas jackets on the covers be fire-proof. An accident in my own 
laboratory has proved the actual danger of these wool felts, and 
I should not be willing to allow their use again. Their efficiency 
is high as non-conductors, but not higher than any other per- 
fectly safe covers. If the wool is separated by about one inch 
of fire-proof material from the pipe it is not kept so hot and 
dry, and the risks from outside ignition are less; but I do not 
endorse the practice of many engineers in wrapping hair felt 
outside of a sectional cover. The saving due to this practice is 
indicated in Table \ 


The following assumptions have been made in computing the 
: Tables IV., V., and VI. First, that all the covers cost $25 per 
one hundred square feet applied. I realize this is a high figure, 
perhaps too high, yet it is not far from the list price of several 
makers, and any attempt to get a definite price from them re- 
ves aled a maze of discounts and double discounts and flexible 
price lists too intricate for an uninitiated mind to travel. In 
case the s saving due to a cover which costs $20 instead of $25 is 
c desired, the simple addition to the final saving of the $5 differ- 
3 ence makes the necessary correction. 
ad Secondly, by the advice of the makers, I have made an as- 
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As the thicker coverings are not now made in great quantities, 


_ eieitin that the cost is not nearly proportional to the thickness. 
1 the actual cost of their manufacture is uncertain. 


VARIATIONS IN THICKNESS, ETC, 


Saving in Saving in NeT SAVING. 
B.T.U_ per dollars 
per 100 —~—— 
sq. ft. per 
year. 


Specimen, sq. ft. per 


minute. 2years. 5years. | 10 years. 


mate cost. 


| Approxi- 


Magnesia : 

12 inches thick 6: R37 7! 5 50 $159 
Magnesia, 13 inches 

thick and 1 inch of 

hair felt 2.33 40 22 166 
Magnesia, 18 inches 

thick and 2 inches of 

hair felt 2.77 41! 167 
Nonpareil cork : 

1 inch 6 37 : 5 164 

2 inches 2.8: | 8 174 

3 inches 2. 2 0) 05 160 
Fire board : 

.48 37 2 2: 39 5 151 

3 inches 26 140 

4 inches rr 8: 38 26 6 s 127 


Inspection of Table V. shows the saving due to the use of 
hair felt outside a standard magnesia cover. 

In five years 100 square feet of hair felt saves $7 more than 
its cost, and in ten years it saves $20 above its cost. 

The further saving due to a second inch outside the first is 
$8 in ten years. Of course the well-known tendency of hair felt 
to deteriorate should be considered. 

In the case of Nonpareil cork, increasing the thickness from 
one to two inches raises the cost from about $25 to $35 per 100 
square feet, and increases the net saving in five years by $10, 
and by $30 in ten years. In other words, the second inch of | 
material in use about pays for itself in two years, while the first 
pays for itself in about one year. The third inch does not in- 
crease the saving even in ten years. The second inch, there- 
fore, more than pays for interest and depreciation, while the | 
third fails to do this. 

In the case of the asbestos fire board, a second inch in 
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367 
| 375 
33 
383 35 
370 «50 
317-5 
337 35 
330 50 
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thickness causes a saving of $20 in ten years, the third and 
fourth inches showing a loss. 

In general it may be said, therefore, that if five years is the 
length of life of a cover, one inch is the most economical thick- 
ness, while a cover which has a life of ten years may to advan- 
tage be made two inches thick. 

In view of the custom which prevails to some extent of wrap- 
ping asbestos paper around a pipe, and surrounding the whole 
with hair felt, I made tests as to the temperature of the bound- 
ing line of the asbestos paper and hair felt, using a Le Chatélier 
thermo-electric pyrometer for this purpose. The different sam- 
ples of asbestos paper give widely varying results, but a general 
idea of the protection offered by the paper may be had from 
Table VI. 

TABLE VI. 
PROTECTION AFFORDED BY ASBESTOS PAPER.-—PIPE AT 200 POUNDS PRESSURE. 
Temperature of Inside 


Temperature of Pipe. of Hair Felt. the Inside of the 
Hair Felt. 


Thickness of Asbestos 
>aper. 


384.7° Fahr. 356 Fahr. 146 pounds. 
385.0° 329° 102 

384.7 266° ‘ 39 


T have had my attention called to the varying loss from bare 
pipes when their surfaces were in varying conditions as regards 
rust, dirt, paint, ete. I therefore made a few brief tests to sat- 
isfy my mind as to the chance of there being any large variation 
which might influence my figure for the loss from bare pipe, 
viz., 13.84 B. T. U. per square foot per minute. The results are 

shown in Table VIL. 


TABLE VII. 


Loss oF HEAT at 200 PouNDs FROM BARE PIPE. 


B. T. U. Lost per 
Condition of Specimen, sq. ft. per minute. 


Fair condition 

Rusty and black 

Cleaned with caustic potash inside and out 
Painted dull white 

Painted glossy white 

Cleaned with potash again .. 

Coated with cylinder oil 

Painted dull black ........ 

Painted glossy black .. 
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The rate of heat loss from a bare pipe is also affected by the 
air circulation and the temperature of the surrounding bodies. 
A few tests were made to indicate the magnitude of the errors 
likely to be caused by variation in these conditions, and a brief 
examination of some of the results may be interesting. They 
are given in Table VIII. 


B. T. U. lost per sq. ft.per 
Condition and Position of Pipe. minute at 200 pounds. 


. Standard condition hung in centre of room......... ‘ 

. Near brick wall, between windows 
3. Hung horizontally in centre of room oe 
: 
/ 18 inches long 
\ 10 inches diameter 
4 inches diameter. 
}. 4 inches diameter in draft from electric fan 


. Vertical 10-inch pipe 


5, Vertical, 18 inches long 


Table IX. shows the varying loss from a bare pipe with the 
change in pressure : a 
TABLE IX. 
VARIATION OF HEAT Loss WITH PRESSURE. 


Bare Pipe. Loss B. T. U 
ore » 
Pressure. sq. ft. per min, 


340 “i 15.97 
200 13.84 
100 3.92 
80 
60 00 


40 5.74 


A very thorough test was made of the common method of judg- 
ing a pipe cover by the sensation of warmth given the hand on 
touching it, and nothing too harsh can be said of this practice. 
The sensation is dependent to such an extent upon the nature of 
the surface that it fails utterly to give any’idea of the actual tem- 
perature. I have been unable to devise any method of so at- 
taching a mereury thermometer to the outside of a steam-pipe 


cover as to make use of it as a testing device in measuring heat 
loss. 


[am desirous of calling attention to the advantages arising 
from the use of plastic rather than sectional covers. The ease 
of removal for repairs or alterations makes the sectional cover 
better for some work, but there is much pipe surface which 
might be covered securely with plastic where a sectional cover 
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is soon ruined by vibration. Of course the plastic covers offer 


no possibility of leaky joints and long cracks. It should be 
_ borne in mind that in most cases about twenty per cent. of the 
entire surface to be covered is irregular, and must be covered 
_ by plastic or fittings. It will be well for prospective purchasers 
of pipe cover to see to it that their contracts call for fittings 
and plastic of as high an efficiency as the sectional cover shows. 


I am now testing a considerable number of samples of non- 
conducting material, not perhaps classed as pipe covers, but 
used for heat insulation. Table X. gives some figures concern- 
ing them which may be of interest. 

TABLE X. 
MISCELLANEOUS SUBSTANCES. 


B. T. U. per sq. ft. Saving in one year 


4 
— per min. at 200 lbs. per 100 sq. ft. pipe. 


ox A, 
with sand or 
with cork, powde 
with cork and infusorial earth 
with sawdust 
with charcoal 
with ashes 


60 
40 
90 
90 
38 50 
> 90 


> 
CO 


~ 


80 
xO 

> 
90 
37-50 
10 
90 


Brick wali 4 inch thick 
Pine wood 1 ie 
Hair felt 1 si 
Cabot’s seaweed quilt 
Spruce 1 inch thick 

« 

Oak 1 inch thick 
Hard pine 1 inch thick 


The box A referred to in the table is a j-inch pine box, large 
enough to surround the pipe, and leave a one-inch minimum 
space at its four sides. In it were tested several materials 
which I find are used in just this way for steam and cold storage 
insulation. 

In concluding, I desire to express my thanks to those gentle. 
men who have assisted me in this test, and especially to Mr. 
John R. Freeman, member of the Society, for his kindly advice. 


DISCUSSION. 


Prof. R. C. Carpenter.—As I understand the description given in 
the paper by Mr. Norton the results which he has recorded and 
which are obtained, doubtless with considerable accuracy, show 


are, 
> 
| 
1 | 
> 
By , - the amount of heat which will flow from a given mass of heated oil 
| 


air. I cannot as yet bring 
myself to believe that this will give us any valuable information 
as to the amount of heat flow which would take place under sim- 
ilar conditions from steam to air, although it is possible that the 
comparative results may be the same. The reasons for question- 
ing these results are due to the fact that I had, at one time, some 
experiments made in which the flow of heat was made to take 
place between different media, but in every case through the same 
plate of metal. The media employed were steam and water, lard 
oil and water, and air and water. The results in each case varied 
exceedingly with the character of the medium giving off the heat, 
and I am not as yet prepared to believe that oil will surrender its 
heat at the same rate as steam. 

The following table gives the results of the experiments referred 
to, reduced to the flow per square foot, per degree difference of 
_ temperature and total per minute. The difference in rate of flow 
of heat of steam to air as compared with oil to air would doubt- 
less be less than found in the conditions shown in the table, but 
the writer believes this difference would be considerable and 
suflicient to practically affect the results. 


HEAT TRANSMITTED IN THERMAL Units THrRovuGH CLEAN Cast-IRON PLATE 


Incu THICK. 


| Sream TO WATER. Larp O11 TO WATER. AIR TO WATER. 
DIFFERENCE 


OF Per Sq. Foot. Per Sq. Foot. | Per Sq. Foot. 
TEMPERATURE, 
Per Degree Total Per Degree Total Per Degree Total 
Deorees F. vr hour per minute hour per minute hour per minute 


The above investigation indicates that the substance which surrenders the — 
heat is of material importance, as is also the temperature of the surrounding 
media, 


> 
4 
3 
J 
25 21 6.5 2.7 
50 48 40 15 10.8 
75 S4 110 19.5 24.5 
100 127 211 26 43.3 of 
125 185 375 315 65.5 
150 255 j 637 | 3Y 72.5 
175 45.5 132 
ee 200 52 173 
ov = | | 78 390 
00 133 
500 208 
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I have spent considerable time in making experiments relating 
to the flow of heat from steam to air through pipes under various 
conditions, and I have also given considerable time to the study 
of the reports from other experiments. There is a considerable 
_ discrepancy in the various reports which have been given, and the 
writer at one time believed that these could be accounted for by 
errors in the measurements of heat supplied, but my own investi- 
gations have caused me to believe that, while some errors have 
resulted in certain cases from the practice followed, the principal 
errors were due to the change in condition of the surrounding air. 
Iam fully satisfied that the amount of heat which is given off 
from a steam pipe may vary from 200 to 300 per cent., depending 
upon the rate of motion of the air and its hygrometric condition, 
and I fully believe that differences of 5 to 19 per cent. may be 
caused by changes in air currents which are almost imperceptible 


to the observer. 

For these various reasons I cannot help but believe that ac- 
curate information of the heat losses of steam pipes should be 
made under conditions which at least approximate to those of 
actual use. 

Mr. William H. Bryan.—The exhaustive data presented in Mr. 
Norton’s paper are of the greatest value to the profession, particu- 
larly those who are interested in the installation of steam plants. 
Every manufacturer of steam-pipe covering claims to have the 
best, and, in far too many cases, the lowest bidder gets the work 
and furnishes a relatively inferior covering. 

Two kinds of cork covering are reported upon: the standard 
and octagonal, the only difference appearing—from Mr. Norton’s 
_ paper—to be in their shape and make-up. I have always under- 
stood, however, that the standard was the higher-priced covering, 
and having been treated to make it fire-proof, was recommended for 
high-pressure work, while the octagonal was a cheaper covering, 
not having been treated at all. 

I have used the cork covering with good results, but cannot 
yet speak personally of its durability. I was much surprised, 
) however, to be shown recently a strip of the standard cork cover- 

ing which had been noticeably charred in about fifteen nionths’ 
service, and was, furthermore, warped out of shape to a consider- 
able degree. I could not learn that this piece was faulty in its 
manufacture or that it had been subjected to unusually severe 


usage. This has somewhat dampened my high opinion of it, but 
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Iam in hopes that this covering may prove itself to be an addi- 
tion to our list of high-grade reasonably priced coverings. 

Cork should not, of course, be used on smoke-flues or other 
highly heated surfaces. 


Tables III. and IV. are based on coal costing $4.00 per ton, 
and evaporating 10 pounds of water per pound of coal. With : 
coal costing $1.50 per ton and evaporating 74 pounds of water, 
as is the case in St. Louis and vicinity, these savings would 
be exactly one-half those given in the tables. I hope that Pro- ; 
fessor Norton may be able to give us at some future date some- 
what more exact figures of the cost of coverings than stated in 
Table V. 

Mr. H. H. Suplee.—Referring to the last remark of Professor 
Carpenter’s, concerning the test of actual use, I was informed 
some time ago that the original discovery of the use of carbonate 

of magnesia as a non-conductor occurred in a chemical works 
where one of the magnesia salts was being made for medical pur- 
poses, and where they had occasion to dry materials by coils of 
steam pipe. They found, unless they kept the pipes very care- 
fully dusted off, that a very slight coating of magnesia dust would 
settle on them and deprive them of nearly all their power as dry- 
ing coils, and from that came the idea of using magnesia to keep 
the heat in the pipes. 
I want to say one word in confirmation of Mr. Norton’s idea of 
not judging temperature by the sense of touch. It depends not 
only on the surface of the material, but on the condition of your 
hand at the time, whether it is warm or cold. That can easily 
~ be shown by a simple experiment. By placing one hand in a 
~ bowl of warm water and the other in a bowl of cold water, and 
1 after leaving them there a few moments put them together in a 


bowl of water of the temperature of the room, that water will feel 
- quite cold to one hand and quite warm to the other. That will 
4 convince one of the impossibility of judging the relative tempera- 
_ ture by sense of touch, except in a very imperfect degree. 
Mr. Henry C0. Me yer, Jr.—Professor Norton, in his paper, cal- 
-culates the saving that would follow the use of each covering 
_ which he tested at the end of two, five, and ten years, evidently 
basing the calculation upon the assumption that the heat trans- 
mitted by each covering remains constant. Unfortunately all 
pipe coverings do not retain their durability, and it is just this 
quality which makes it necessary to look farther than the mere 


| 
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non-conductiveness of a covering when new, when in the market 


for such a material. A number of coverings when new will give . 


a high efficiency, and yet these same coverings, after being sub- 


jected to the vibrations that usually occur in steam pipes, and to) 
the moisture which may escape from leaky pipe joints, will, in 
the course of time, be very much less effective as non-conductors. 
time, yet I think that Professor Norton would add greatly to the 


Although the results of such a test may not be available for some 
value of his paper if he would supplement it by another, giving 
the results of further tests upon these same coverings at the end 
of one or two years, placing them, in the mean time, upon steam 
pipes where they will be subjected to common usage. If such 
tests were made I believe that Professor Norton would find cause 
to alter the figures materially which he gives for the savings that 
would be realized at the ends of the long periods he mentions. 
There is a point in regard to the selection of many of those — 
coverings sold as “ magnesia” and “asbestos,” to which it may be 
well to refer at this time. The great demand for pipe coverings on 
the part of our mills, electric plants, and particularly our large 
ottice buildings, has resulted in placing on the market a number 


> 


of pipe coverings commonly called “ magnesia” and * asbestos’ 
coverings, and, although they are made of magnesia or asbestos, 
they are frequently not the kind of magnesia or asbestos which the 
purchaser supposes them to be. To make a cheap covering to meet 
competition, those good non-conductors, carbonate of magnesia 
and asbestos fibre, have been mixed with products which are 
cheaper and less effective as non-conductors. There is, of course, 
no harm in doing this, provided the true composition of the cov- 
ering is made known, but I believe they should not be sold as 
magnesia or asbestos coverings when perhaps they contain but a 
small percentage of those materials. Asbestos is a natural rock, 
which, when crushed, produces asbestos fibre, the part which ought 
“culm” of 


to be used in pipe coverings, and asbestos refuse, the 
the operation. Sometimes the asbestos refuse is mixed with car- 
bonate of lime, a harmless but inferior non-conductor, or with 
plaster of Paris. Some purchasers object to a covering contain- 
ing plaster of Paris, but raise no objection when they are told it 
contains sulphate of lime. It may be well, therefore, to state 
that they are one and the same thing. Sulphate of lime is an 
inferior non-conductor and is apt to corrode the pipes if moisture 
is present owing to the sulphuric acid which would then form. 


q 
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The cost of piaster of Paris is less than 10 per cent. of the cost 
of carbonate of magnesia or asbestos fibre; carbonate of lime 
costs about one-quarter as much; hence their use. 
Magnesia coverings are also cheapened by mixing sulphate or 


carbonate of lime with the carbonate of magnesia, which, as Pro- 
fessor Norton points out, is a most effective non-conductor. As- 
bestos contains a good deal of silicate of magnesia, and asbestos 
refuse has been taken and mixed with sulphate of lime and soda 
‘magnesia’ and “ asbestos ” 
really mean little therefore, and are about as indefinite terms to 
put into a specification as the word “cement.” If carbonate of 


aus a magnesia covering. The terms ‘ 


magnesia is wanted it should be asked for, and the percentage of 
carbonate of magnesia wanted in the covering distinctly specified. 
If asbestos of the best grade is desired, specifications should eall 
for a covering made wholly of asbestos fibre. Any one, I believe, 
can make it. Certainly there is no reason why the best covering 
should not be used, especially as it pays for itself in about three 
months, as Professor Norton’s interesting paper shows. 
Mr. John FE. Sweet.—I have only one remark to make, and that 
_is to give an account of our experience with covering. We are 
making a steam separator in which we cover the outside with 
— lagging of one kind and another. We have tried asbestos, cork 
and magnesia in the form of staves, put on cement, ete. Then 
we covered the outside with Russia iron or planished steel. We 
tind the steel on the outside after a while just about as hot as 
_ the pipes before the covering is put on. That we cannot account 
for. It does not seem to make any difference what we put on the 
outside ; the steel eventually gets about as hot as the pipe. 
| Prot. S. W. Robinson.—In accounting for tiat, I think the pol- 
ished character of the surface enters largely into account. Plan- 


4 


ished surfaces and bright surfaces radiate very much slower than 
rough or black surfaces, and there being no chance for the heat 
to go back after it has once reached the surface and having no 
chance to go forward on account of the brightness, it would seem 
that the plate must necessarily get hot. I noticed a case once 
in the Post Office in Boston, where there is an engine for driving 
their machinery for marking letters, and so forth, and a pipe about 
five inches in diameter brought the steam for the engine. This 
pipe was highly polished iron. I walked back and forth near the 
pipe and did not feel the heat at all. I said “ That pipe, I guess, 
is cold,” but on touching it was astonished at its high tempera- 
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ture. The temperature was evidently high enough to account for 
steam at pressure sufficient to ran the engine. But if that pipe 
had been a non-lustrous black one the radiation from it would 
have been felt quite a distance away in passing the pipe. I 
think this planished steel is probably a good surface to prevent 
radiation, and, if the heat is prevented from radiating by the con- 
dition of the surface itself, and being in contact with felt it ean 
keep some portion of the heat in it, there will be heat enough 
supplied to this bright covering to raise the temperature quite 
high, especially in view of the fact that the heat cannot readily 
get away from the surface into the air. 

Mr. Sweet.—Did the jacket do harm or good? 

Professor Robinson.—The asbestos covering does good, notwith- 
standing the bright outside sheet metal. 

Mr. Sweet.—But the outside steel—is it any worse or better for 
having the planished steel on ? 

Professor, Robinson.—It helps it. It has the advantage of cov- 
ering the piece with a bright non-radiating surface, which will 
hold the heat back. The brighter the outside plate the better the 
asbestos covering and the less the heat escaping; all due to the 
non-radiation of the outside polished plate. 

Mr. Spencer Ctis.—Non-condueting lagging is used quite largely 
in covering locomotives, and the jackets which envelop it are 
planished iron. Last winter I was at Denver, and the superin- 
tendent of machinery of one of the roads took me out to the 
roundhouse and showed me an engine which had just come in 
from the mountains. It was lagged with magnesia and had a 
planished jacket. It was covered with snow, and enough heat 
had not come through the lagging to melt it down. The en- 
gineer who was running this engine said that it not only fre- 
quently occurred with his engine, but with other engines. So that 
it seems to me there must be some other reason for the sensible 
heav. I have since then on several occasions put my hand on the 
jacket of an engine so lagged, and unless there was a leak at 
some point, you could lay your cheek down on it and keep it there. 
But if there is a leak it will burn you. These engines carry 160 
to 200 pounds of steam. Not long ago in St. Jo I had an 
illustration of the effect of leakage. I put my hand on the jacket 
and, in running over it, I came near the air pump. It appears 
the exhaust from the pump got up under the jacket, and I burned 
my hand in short order. The lagging is absolutely worthless 
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apparently if it gets wet. It occurs to me the insulating ma- 
> may have been damp in the case of which Mr. Sweet speaks. 

The President.—How thick was tle lagging on this engine? 

Mr. Otis.—TYhe lagging on that engine in Denver was an inch 
and a half. I think their custom there is to use a minimum of 
an inch and a quarter. 

Professor Robinson.—-It would seem that my statement is of 
small effect, referring to the case of snow resting on pipe. But 
this is different from the case Professor Sweet refers to, notwith- 
standing only a certain amount of heat could come through this 
covering to the sheet metal, because one is a case of transfer by 
~ radiation and the other by direct contact. If the condition of 
the outside surface of the metal is such that the heat cannot get 
away from it readily, it becomes heated. If you apply a ball of 
show against that plate it will take that heat away very quickly, 
by reason of contact and not radiation, and further heat will 
come to the metal plate and thence to the ball of snow only as 
fast as that resisting cover will permit the heat to pass. The 
case of snow resting on the pipe, to prove that my statement with 
regard to it was without effect, is, | think, proven by that way of 
putting it—that a ball of snow or the snow resting on the pipe 
can only get the heat that comes through the coating inside the 
plate, and hence the snow does not melt rapidiy because of the 
non-conducting coating. I think the plate has no power in itself 
to supply heat to the snowball or snow deposit. It only gets its 
heat from the source within and through this coating and, as a 
matter of course, I think the condition of surface is one of small 
importance as to the rate of melting of snow that is in contact 
with it, because the heat is then trausferred by contact ; while 
when that sheet stands out free from contact, then I think the 
polished sheet would serve the purpose of withholding the heat 
by reason of the low radiating power of the polished surface and 
iid the coating between it and the pipe to hold back the heat, 
iotwithstanding it is a metal plate, but just because it has a pol- 
shed plate. . 

Prof. Thomas IT, Gray.—I should like to say a word in confir- 
aation of the point to which Professor Carpenter has drawn 
ittention—the very great importance, in experiments of this kind, 
{ taking care that the medium through which the heat is sup- 

lied to the pipe does not itself give an insulating film. The heat 
radient from the oil to the metal pipe is likely to be very con- | 
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siderable for a thin layer between the hot oil and the pipe. It 
is a matter of common experience in physical experiments on 
subjects of this kind to find that very rapid circulation is neces- 
sary to remove that film. We have great difficulty in removing 
the cold film from the metal. The same thing applies in the case 
of gas circulation, such, for instance, as we have in the hot flues 
of a boiler. The film of hot gases close to the flue is very much 
cooler than the average temperature of the interior. The conse- 
quence is that we have to reckon not so much with a very hot 
medium close to the pipe; then conduction through the pipe with 
almost infinite rapidity, you may say, but we have to reckon 
with conduction across a film of gas which lies between the hot 
gas and the pipe, and then conduction through the walls of the 
pipe. The same thing applies here in the case of the oil. There 
is no doubt, I think, that the actual numbers for the amount of 
heat conducted through will be greatly modified if the medium 
be modified. The comparative numbers, however, are probably 
in the proper order of magnitude. 

With regard to the point brought up by the last two or three 
speakers, namely, the apparent discrepancy between the results 
obtained with metal covering on the outside of the insulating 
material and no metal covering, there is no doubt at all that when 
we depend upon radiation from a smooth surface we have very 
much slower emission of heat than when we depend upon a rough 
surface of the ordinary insulating material. The consequence is 
that the metal surface rises very rapidly to near the temperature 
of the inside pipe. The conductivity of the material is very much 
greater than the emission coefficient. The consequence is that 
heat is supplied through the conducting material at a rate which 
is very large in comparison with the rate at which the heat is 
taken off. 

Coming to the next point which has been brought up, namely, 
the question of the effect of snow, we have to remember that if 
we are carrying a steam pipe through an atmosphere which is 
below the freezing point of water, we deposit snow or ice on the 
pipe and we get ice below freezing. Now, ice below freezing is 
almost a perfect insulator for heat—about as good as anything 
we can put on. The consequence is that unless we have a good 
conductor between the pipe and the ice we are not able to sup- 
ply heat enough to melt any of the cold ice on the outer surface, 
_becat sause heat does not get through it fast enough to overcome the 
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chilling action of the atmosphere. The question of radiation or 
conduction in this case from the surface to the ice is of compara- 
tively little importance. I think the results there described 
are just exactly what one ought to expect under the circum- 
stances. 

Prot. F. R. Hutton.—1 think an interesting confirmation of the 
point raised by Professor Gray will occur to every one who has 
had any experience in boat-sailing with keel condensers. In 
starting the engine with the boat at rest the gauge needle will 
remain at a rather low point of vacuum; but the moment that 
the boat is moving through the water, the needle goes right 
down with the increased efficiency of condensation due to the 
circulation and the renewal of the warm films. 

Mr. Suplee.—This question of the poor conductivity of 
ice, I think, is somewhat borne out by the use of a wet bulb 
thermometer in hygrometric measurements. When the temper- 
ature of the air is below the freezing point the great difficulty 
lies in the formation of a thin film of ice on the wet bulb, after 
which it is almost impossible to get its temperature to fall, al- 

though the temperature of the air may be very much lower. It 
is almost always necessary to resort to the use of some other 
form of hygrometer unless you can get the temperature of the 
wet bulb down so quickly that the film of ice has no time to — 

form; showing that ice is a poor conductor of heat and will not 
allow the heat to escape from the bulb as rapidly as it other- 
wise would. 

I think in connection with this discussion we might add snow 
to our list of non-conducting materials and sell it at commercial 
price. 

Mr, Albert I. Bates.—It seems to me that this matter of the | 
hot planished covering can be easily explained by the analogies 
of electricity. There we are familiar with static charges on 
surfaces. I think’it is similar here. If this planished covering 
of the separator is insulated by the asbestos packing on the 
inside, we get a static charge of heat on that outside covering. 
Even though the insulating material allows very little heat to 
get through, still the little that does get through will gradually 
run up on the outside covering. But if there is any conductor 
to take it off from the outside covering it will not accumulate. 
In the case of the locomotive cylinder that conductor might be | 
snow or cold air on the outside covering, or a direct conductor — 
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with the cylinder head. But, it seems to me, in the case of the 
separator, that though the planished covering were insulated 
from the inside of the separator, some heat would get through, 
and this would gradually accumulate on the planished covering 
in what may be called a static charge of heat. 

Mr. C. W. Baker.—While it is true that a bright surface radi- 
heat less rapidly than a dull surface, it must be remembered 


THE PROTECTION OF STEAM HEATED SURFACES. 


that a hot body, such as a steam pipe, loses heat also by the 
direct contact of the air with it, by convection, as it is called. 
The amount of heat lost in this way, at ordinary steam temper- 
ature, is probably considerably greater than the amount of heat 
lost by radiation. As the loss by convection is affected very 
slightly, if at all, by the character of the pipe surface, it will be 
seen that the influence of a bright surface, such as planished 
iron, in preventing loss of heat is hardly so great as some of the 
speakers have claimed. 

The author of the paper under discussion has in fact made 
experiments upon this very point, the results of which are re- 
corded in Table 7. It is there shown that the comparative loss 
when the pipe was painted a dull black and when it was painted 
a glossy black was as 14 to 12. The correct conclusion seems 
to be that planished iron jackets for locomotive boilers, bright 
tin for hot-air pipes, ete., do cause some small reduction in the 
loss of heat, but their influence is as a rule unimportant com- 
pared with the reduction in heat loss which is effected by a 
layer of good non-conducting material. 

Mr. C. Novton.*-——Professor Carpenter's criticism of the 
method does not seem to me justified. The conditions of the 
test are identical with those of actual practice. If a pipe is 
kept at a temperature of 350 degrees Fahr. and the surround- 
ings are at 70 degrees Fahr. the pipes will lose a certain definite 
amount of heat, no matter how the pipe is kept hot. This re- 
quires no further demonstration, being a well-established law. 
Now, by actual experiment I have found what the temperature 
of a pipe carrying steam at varying pressure is, and have made 
my tests accordingly. Ido not see that Professor Carpenter's 
experiments have any direct bearing on the matter in hand. 

I have made some condensation tests on a long run of large 
pipe at 100 pounds, and I find my results with the small oil 


*Author’s Closure, under the Rules, 
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tester very closely borne out. I do not believe the absolute 
figures in the tables can be more than 5 per cent. from the- 
~ values actually found in practice. 


THE PROTECTION OF STEAM 


The effects of air currents and the increase in the moisture 
of the air have been studied, and I have been unable, by means 
of electric fans and artificial dampening of the air, to change the 
heat loss from a pipe enclosed with a cover by more than ten 
per cent. 

Mr. Meyer’s remarks as to the durability of a cover touches — 
on a very important point and one which must some time be 
more carefully discussed. The only information at hand con- a 

cerning this point is that nonpareil cork, magnesia, and oil ce ie 

cords which I tested in 1895 are as good as new to-day, al- 
though they have been most of the time since July, 1895, on a 
pipe at 100 pounds pressure. 

Further, I have tested a section of K. and M. magnesia six 
years old, and I find it identical with some bought in the open | 
market last month. 
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METHOD OF MANUFACTURE AND TESTS OF A 
SEAMLESS TUBE. 


BY R. C, CARPENTER, ITHACA, N.Y., AND P. J. FICKINGER, BEAVER FALLS, PENN. 


(Members of the Society.) 


Dvrine the past few years the manufacture of seamless tub- 
ing has grown to be an important industry, due principally to 
the demand which has arisen in the process of manufacturing 

bicycles. 

The seamless tubing to be described in the following paper 
is made by a process of drawing from a superior quality of steel 

_pipe;+ it is seamless in the sense that no indication of the weld 
which existed in the original stock before drawing is visible in 

the drawn product, nor could its position be ascertained by any 

of the numerous tests which were used to rupture the finished 

tubing. The tubes were tested by twisting in a torsion machine, 

by compression, by tension, by transverse loading, and by 

_ bursting, and in no case did rupture take place in such a man- 
ner as to even indicate the existence of a weld in the original 
stock. 

The methods which are extensively employed in the manu- 
facture of steel tubes for use in bicycles are as follows : 

First, the seamed tube which is made by rolling up a strip of 
metal of proper dimensions until the edges come in contact and 
then welding or brazing the edges; such tubes are all charac- 
terized by a longitudinal seam which is apparent even to a cas- 
ual observer, and have proved less satisfactory and weaker than 
the forms of seamless tubes to be described; they are at the 
present time not in extensive use. 


Second, the Mannesmann tube, which is formed by a process — 


* Presented at the Niagara Falls meeting (June, 1898) of the American 
Society of Mechanical Engineers, and forming part of Volume XIX, of the — 
Transactions. 


+ Analysis of steel employed is claimed to be as follows: carbon 0.08 to 0.10, 
manganese 0.45, phosphorus under 0.04, sulphur 0.04 to 0.05, silicon 0.009. 


= 7Oo4 MANUFACTURE AND TESTS OF A NEW SEAMLESS TUBE. © . 
@ 
i? al 
| 
) 


MANUFACTURE AND TESTS OF A NEW SEAMLESS TUBE. 755 _ 


of rolling between two rolls, the axes of which are set obliquely — 
to the axis of the billet. This process has been extensively 4 
described, and is generally familiar to those who have studied — 
the subject of manufacture of tubing ; but a few words regarding 
the process will be given here. 


In Fig. 175 is shown a diagram of the rolls 4 2, turning on | 
axes oblique to each other and acting on the billet C. The © 
rolls revolve in the same direction at equal rates of speed — 


= Carpenter =. MANNESMANN PROCESS. 
outer fibres of the billet, opening the mass and forming a | 
cavity situated in the centre ; the cavity begins with the form of 

an egg-shaped cup, and gradually works itself outward until 

the other end of the billet is reached and pierced. A conical | 
mandrel is often employed, as shown at D, its purpose being — 


to further obstruct the motion of the inner particles to secure - 
a perfectly circular section and to polish the interior of the 
tube ; it is apparent, however, from the action of the rolls in 
expanding the outer fibres, that a cavity would be formed, even 
were no mandrel employed, and furthermore it is quite possi- 
ble to form, by the Mannesmann process, tubes with closed 
ends. After the billet has been pierced and partially worked 


| 
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into a tube by the Mannesmann process, the tube is completed 
by the ordinary process of drawing. 

The Steifel process is a modification of the Mannesmann pro- 
cess, and is used to considerable extent in the manufacture of 
seamless tubes. In this process the exterior portion of the bil- 
let is rolled between two conical dises revolving on parallel 
shafts in such a manner as not to subject the billets or blanks 
to a torsional strain nor to one which will disturb materially the 
longitudinal arrangement of the fibres of the metal. The billet 
is forced against a conical piercing mandrel as it passes between 


Carpenter 


the working surfaces of the dises, it being arranged so that the 
mandrel may be rotated or fixed as desired. A plan view of the 
operating mechanism is shown in Fig. 176, and a side elevation 
in Fig. 177, the action of the various parts being as follows : 
The dises A / lie in parallel planes, and are mounted on the 
ends of the shafts a }, the axial lines of which are also parallel, 
and lie in the same horizontal plane. These shafts may be 
mounted in any suitable housings, and motion is imparted to 
them by any suitable gearing or driving mechanism. ‘The work- 
ing portion of the face of each dise is near its periphery, and as 
the shafts are not in the same axial line the right hand side of 
one dise is eur to the left hand side of the other. The 
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dises revolve in the same direction as indicated by the arrows 

thereon, so that a blank or billet passed between them in con- 

tact with their opposing surfaces has imparted to it a rotary 

movement ; and if the blank is passed between the discs, either 

slightly above or below the plane of their axes, it has imparted 

to it a longitudinal movement also. 

In Fig. 176 the working faces of the discs are formed by a part 
of the plane surface ¢ of the dise 4, and a part of the outer bev- 
elled surface ¢ of the dise 7}, the outer diameter of the surface 
c being the same as the inner diameter of the bevelled surface 
ec. The edges formed by these two surface diameters lie oppo- 
site each other at the pass for the blanks, so that the pass is 
narrowest at this point, as indicated at the line VX. The axial 
line of the pass is located below the centres of the rolls, as 
shown in Fig. 177, and guide-blocks G of suitable construction 
are employed to hold the blanks in proper position. The blank 
enters the pass at its widest point near the line ) )’, where it 
is gripped by the rolls, revolved, and gradually forced forward 
into and through the narrowest part of the pass at AX, upon 
the point of the conical mandrel .J/, and from thence over the 
remainder of the mandrel, but out of the grip of the dises. 

The disposition and shape of the dises are such that their 
action upon the blank elongates or draws it out without impart- 
ing any spiral twist to the fibre, resulting in a finished pierced 
blank, the fibres of which are parallel to each other and sub- 
stantially straight, or without twist, and this feature constitutes 
the main aim and object of the invention, and forms the prin- 
cipal distinction from the Mannesmann process. This result is 
accomplished by imparting to the blank a substantially uniform 
speed of rotation throughout all those portions of it in the grip 
of the working surfaces of the dises. At the point \Y, where 
the pass is most contracted, and the grip of the discs on 
the blank the greatest, the radii «7 of the two dises are the 
same, and consequently the speed of rotation imparted to the 
blank at this point by both dises is the same. At the line ) ) 
in the pass, while the radius y of one dise is smaller than the 
common radii xe of both dises, the opposing radius y' of the 
other dise is proportionately greater than the common radii 
xx, so that the mean effective rotative action imparted to the 
blank by the two dises at the line }°)° is the same as that 


imparted to it at the line YY; or, to express it another way 
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the circumferential speed of the dise A is slower at its radius 
than at its radius x, and consequently its rotative action on the 
- blank is slower at }° than it is at , but the circumferential 
speed of the other dise / at its opposing radius y is as much 
_ greater than at w as y is slower than «, so that the mean eftee- 
tive rotative action upon the blank of the smaller and larger 
radii yy of the two dises, respectively, is the same as that of 

the common radii xx’. Consequently that portion of the blank 
lying within the grip of the dises at the line }”)’ is rotated at 

substantially the same speed as that portion at the line YX. 

As this condition prevails in every point in the 


grips of the 
dises between the lines VY and )'),, a larger radius and 
greater circumferential speed of one dise being opposed by a 
smaller radius and slower circumferential speed of the other, 
there is practically ho twisting of the blank within the grip of 
the dises by reason of one portion of the blank being rotated 
faster than another portion. There might, if there were no 
slippage, be a slight difference of speed of rotation of portions 
: of the blank within the grip of the rolls, due to the fact that the 
diameter of the blank is slightly smaller at VY than it is at 
YY, but owing to the slippage this does not oceur, and the 
blanks, when they leave the pass. between the dises, have their 
fibres substantially straight and parallel throughout. This 
reduction of the diameter of the blank between the lines YY 
and XX is not intended particularly for its effect in compacting, 
working, or drawing out of the metal, but is the result or con- 
sequence of the contraction in the width of the pass necessary 
to give the discs sufficient grip or hold upon the blank to force 


it forward upon and overcome the resistance of the piercing 
mandrel. 

For both the Mannesmann and Steifel processes steel of supe- 
rior quality and entirely free from flaws must be employed, since 
the action of the process is such as to tear apart any particles 
or fibres which were not perfectly welded in the original billet ; 
the process itself rejects a bad grade of material by making im- 
perfections apparent to the eye. 

Third, a process of spinning from a sheet into a cup-shaped 
piece, from which, by cutting off the closed end, a hollow tube is 
produced which is reduced by drawing to the required size and 
diameter. 


Fourth, a process by means of which a tube may be drawn 
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from the solid billet of steel after a hole has been pierced 
through the billet. The principal difficulty with this process is. 
that of piercing a hoie through the centre of the billet, which i is 
done when in a semiplastie state. For this purpose billets are- 
used about 14 inches in length sind 4 inches in diameter ; these, 


after being pierced, are converted into tubes by rolling over a 
mandrel of the requisite diameter preparatory to cold drawing. . f 

The seamless tube which forms the subject of the article is 
made by a process of drawing from welded steel pipe. The 
novelty of the process lies entirely in the machinery employed 
in drawing and in cleaning the tubes from the oxide of iron before 
and after the drawing process. All other processes of produc-_ 


ing tubing require the use of high-grade steel in order to pro- 

duce tubing of reliable quality and with strength sufficient to 

meet the requirements of use. Swedish billets are imported 

for most of the steel tubing, which, for the last few months, have, 
ay 


venter 


strange to say, a peers at exactly the same price for which 
the finished tubing is sold for at retail. The tubes manu- 
factured by the new process show, as results of the tests made, 


equal if not superior quality in every respect to those made 
from imported stock, yet they are made from American steel 
costing from one-half to one-third that of the Swedish billets. 
The ordinary process of drawing is accomplished in a draw 
frame as shown in plan in Fig.178, in elevation in Fig.179, and with 
enlarged view of drawhead and die in Fig. 180. The process of 


drawing is accomplished by reducing the end of the tube so that 
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it will pass through the die and can be grasped by the pulling 

drawhead as shown at 4, Fig. 180. The drawhead is made to 
engage with a travelling chain /, and thus pulls the tube 
through the die and over the conical mandrel shown at ./, Fig. 
180. The principal novelty of the machine employed by the 
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PLAN AND ELEVATION OF DRAW HEADS 
Fie. 182. 


Carpenter 


Tube Company in the improved drawing process consists in the 
use of a pushing as well as pulling drawhead, of a peculiarly 


shaped die, and of the method of applying power to move the 


drawheads. A complete drawing of the machine is shown in 
side elevation in Fig. 181 and in end elevation in Fig. 182. The 
drawheads are shown in plan and elevation in Fig. 183, and — 


Carpenter 7 
Fig. 183. 
consist of both a push and a pull head, one of which is | 
located on either side of the die, and each of which carries 
a chuck for clasping the pipe and a grip by means of which it 
can be attached to or detached from the rope used for moving — 
the drawheads. The pushing drawhead is used only to crowd y 
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the tube through the die. It is attached to the tube about one 
foot from the free end of the tube and in such a manner as not 
to interfere in any way with the free motion of the particles of 
the pipe due to the increase in length in the drawing process. 
After the tube is passed through the die it is caught by the 
pulling drawhead which is located on the other side of the 
die, and is then drawn in the usual manner through the die; 
simultaneously with the attachment of the pulling drawhead 
the pushing drawhead is released. The construction of the 
pushing drawhead was only accomplished as a result of numer- 
ous experiments, and it was believed generally by those familiar 
with the process of drawing that the operation of pushing the 
tube into the die was impossible. The use of the pushing die 
saves all work of preparation of the ends of the pipe to make 
them enter the die and all waste due to the production of bad 
and ragged ends on the drawn tube. In the drawing machine 
the drawheads are moved by being attached to a rope by means 


of a grip instead of being pulled, as in the ordinary process, by a 


chain. Considerable experimenting was required in order to pro- 
duce a satisfactory drawing machine. The form of the machine 
which is in use is shown in drawing Fig. 178, from which it will 
be noted that the rope # for the draw passes beneath the draw 
frame AB and is made to take three wraps around two grooved 
pulleys (and PD, thence over an inclined idler /, which returns 
the rope to the central position of the frame; the slack of the 
rope is taken up by a tightner pulley 7), of the usual con- 
struction. The machinery of each drawing frame is operated 
by a 15 horse-power induction motor A, which is connected by 
spur and screw gearing to the driving pulley of the rope drive. 
The starting bar for the motor is in convenient reach of the 
operator, and is connected so that the motor can be run in 
either direction as required. Ropes 1} inches in diameter are 
employed, and have been found to have a reasonable life, the 
cost of repairs being less than when chains are used for a simi- 
lar purpose. The practical advantage which the rope has been 
found to possess over the chain for drawing purposes is due to 
its elasticity and stretch, by means of which the tube is drawn 
gradually through the die, and there is an entire absence of 
jerky motion, which is so destructive to tubes when the drawing 
is performed by chains or other rigid material. The improve- 
ment on the character of the stock due to the yielding nature 
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of the pulling mechanism is decidedly marked. The drawhead 
clutch is arranged with a safety opening device, so that the 
clutch would be released if by any means the drawheads were 
carried beyond the limit of safe travel. 

The method of cleaning the scale from the tube is found to 
have an important influence on the quality of the tubing, and 
has been one of the most difficult problems to solve success- 
fully. The use of the ordinary open bath with 8 to 10 per 
cent. acid was found to injure the tubing materially, and after 
extensive experiments a more satisfactory process of cleaning 
was discovered, in which the use of less than 2 per cent. acid is 
found to clean successfully a rack of tubes in a length of time 
not exceeding 15 minutes. These good results are due to the 
fact that the tubes are immersed in a vertical position with 
both ends open and in such a manner as to allow a free and 
uninterrupted circulation of the liquid of the bath. 

In the practical operation of the plant the tubes to be drawn 
are passed in succession and at a rate of 24 feet per minute 
through the different dies until they have reached the required 
diameter and gauge, being annealed and cleaned after making 
each pass. During the operation of drawing, whenever the 
length of the drawn tube exceeds from 18 to 20 feet, it is im- 
mediately cut into lengths of 9 to 10 feet, and the process of 
drawing continued. At present the original tube before the 
drawing begins, which is employed for bicycle tubing. is 1} inches 
external diameter. 

A general view of the drawing-room is shown in Fig. 184, from 
which it will be noticed that there is an entire absence of over- 
head shafting or of moving machinery of any kind, except that 
connected to the draw benches. An observer would also be 
struck with the cleanliness of the room and of the dress of the 
workmen and of the entire absence of grease or oil on the floor. 
This latter result is obtained by immersing the tubes, before 
each process of drawing, in a hot bath of greasy material, which, — 
when cooled to the ordinary working temperature, has the con-_ 
sistency of wax or varnish, which adheres to the tubing in a 
very thin coat, and, although sufficient to lubricate the dies, is in- 
sufficient to fly off and cover the floor and working machinery 
with layers of grease. 

The annealing is done in a natural gas furnace, the tubes — 


being moved by automatic machinery at a rate just sufficient to_ 
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4 
anneal the tubes with one passage through the furnace. The 


unannealed tubes, while harder then the annealed, were found, 
as will be shown by the tests later, to have considerable elas- 
ticity and to be of quite uniform quality. 

The building is a model workshop of its kind, and was de- 
signed by P. J. Fickinger. 

It is provided with both side and roof lights, the roof windows 
being arranged in sucha manner that the sashes are vertical and 
the light enters from the north, thus giving the shop light with- 
out any of the glare of direct sunlight, and rendering the use 

shades unnecessary. 


Tests of the Drawn 


Tests of a number of samples of the McCool tubes were made 
in the laboratory of Sibley College, Cornell University. The 


Fig. 185. 


tests undertaken were such as would bring out the weakness, if 
any existed, due to the use of the welded joint in the original 
stock, 

Transverse Tesis.—Test No. 2, gauge 18, annealed, external — 
diameter 0875 inch, internal diameter 0.785, was carried on — 
supports 18 inches apart ; it supported a centre load at elastic 


limit 340 pounds, at yield point of 370 pounds, and at maximum 
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First.—TENSILE STRENGTH. 


LOAD PER Square INcH. 
EXTERNAL INTERNAL Repvuction ELONGA- 
CHARACTER DIAMETER. DIAMETER. AREA. TION. 
or TURE. 
Elastic 


Eiait. Maximum Per Cent. Per Cent. 


Inches. Inches. 


No. 90. 


Original 36,700 60,000 
No. 7. 
Annealed 5 41,700 64,400 
No. 3. 
Annealed 70,200 91,600 


No. 1. 


Unannealed.... 93,100 94,700 


Sreconp.—TEsts OF THE TUBES IN TORSION. 


MoMENT OF TORSION SHEARING STRESS 


IAMETER. 
DIAMETER Incu, Las. PER SQUARE INcH. 


Mopvutus 


— OF 


External. | Internal. Maximum. 


No. 4. 
Unannealed.. 0.874 0.778 1,900 2,870 39,600 | 60,000 10,800,000 
No. 60, } 


Annealed... 1.248 1.184 2,800 3,200 37,000 | 42,000 11,500,000 


No. 5. 
Annealed... 1.00 0.880 2,800 3,100 32,500 88,800 11,400,000 


Rupture of No. 60 began at a slight dent in the tube. 
Tube No.7, extension was measured for 8 inches in length and was equal to 1.1 inches. Maxi- 
mum load sustained 11,600 pounds. 


strength of 380 pounds, the latter load corresponding to a 


- ealeulated fibre stress of 72,200 pounds per square inch. 


Endurance Tests—A number of tests were conducted by 
mounting the tube so it would be supported between the 
centres of a lathe, in such a manner as to be free to deflect 
and yet could be rotated at any desired rate of speed. <A 
bushing or washer was carried by the tube at the centre, and 
this was fixed so as to rotate with the tube and support a load 
‘esting on rollers. The method of arranging for this test is 
shown in Fig. 185. Especial care has to be exercised that the 
rollers freely revolve and that the bushing does not turn on the 
tube. The centre load was selected so as to produce a fibre 
stress equal to 60 to 90 per cent. of that at the elastic limit of 
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the tubing. By consulting the table it will be noted that the 
loads taken were such as to produce stress respectively of 58,000, 
50,000, and 40,000 pounds per square inch in the outer fibre. 
The number of revolutions made by the tube when loaded in 
that manner was denoted by a continuous counter, connected 
so that it would not register after rupture took place. The 
number of reversions of loading would equal twice the num- 
ber of revolutions. The following table gives the results of 
this test: 


eVOLU 
REVOLUTIONS 


DIAMETER INCHES. 


in Deflec- — 
Centre Outer tion at 
Fibre. Centre. 
208. Lbs. per In. Per Min. Total. 
Sq. In. 


NAME OF TUBE 
orn MAKER. 


Length. 


Inside. 


MeCool, annealed... 0.691 0.749 21 59600 0.24 44 to 230 39638 
unannealed 0.687 0.751 21 28.5 54500 0.20 230 79826 
“ .789. 0.873 21 240.5 58000 0.17 300 77098 

“ .750 0.686 21 : 50000 0.175 300 to 400 211232 
Unannealed .069 1.125)21.7 28 58000 0.15 300to 400 14752 

: es .069 1.125 21.7 245 50000 0.10 300 to 400 922380 
.Y Annealed .068 1.125)21.7 24: 50000 0.10 800 to 400 20534 
.186 1.250 21.7 348 50000 0. 25042 
12 Unannealed .780 0.875 21. 40000 82154 
M... Annealed .810 0.884 2 218.5 57600 13214 
J 0.875 2 21: 58000 25036 
in oil....) 0.791 0.875 21.7168 40000 0.12 46498 


REMARKS : 

RK. 1. Stood under load over night. 

P. Flew out of lathe and across the room when it broke. 

R. 7. The first detlection was 0.10. The tube vibrated until about 4,000 revolutions, when it 
became steady, and the deflection was 0.15. 

. Centre load of 350 pounds makes a decided set, 

RK. 12. This load is about 3 that of elastic limit. 

M. Tube made by Mannesmann process. 

N. Tube made by punching original ingot and drawing. 

P. Tube made by spinning and drawing process. 


The general appearance of the fractured specimens is shown 
in Fig. 186, those marked 4, 5, 8, and 40 respectively being broken 
in torsion, those marked 7 and 90 being broken in tension, and 
the remainder in the endurance tests. 


Bursting Test. 


Several bursting tests of tubes were made by clamping the 
tube endwise between two metallic heads, one of which was 
perforated and connected by small tubing to a pressure pump. 
After applying pressure of about 5,000 pounds per square inch 
the tubes in most cases were deflected from a vertical line and the © 


test had to be discontinued. In order to successfully continue 
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the bursting test, a support or brace was placed at the centre 
of the tube, and the tube was also reduced in length from 30 


to 10 inches. 
The tube which bursted had an external diameter of 1.254 


a 


inches, and an internal diameter of 1.202 inches, a thickness of 
0.026 inch, corresponding to a gauge of between 22 and 25. The 
tube burst about 3 inches from the top with an internal pressure 
of 4,700 pounds to the square inch, which corresponded to a 
tearing stress per square inch of 108,642 pounds. It did not 
burst in a weld. The external diameter was increased about 
one-sixteenth of an inch, by the internal pressure ; a view of 
the tubing is shown in Fig. 187. 


The results of the previous experiments referred to indicated 
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that a tearing stress, equivalent to 80,000 pounds per square inch, 
could be applied without rupturing the metal. Mr. Pickinger 
in a previous test applied a tearing stress equal to 70,000 


187. 


pounds per square inch without sensibly increasing the diame- 
ter of the tube. 


Fic, 188, 
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Crush ing Nt 
Several specimens were tested by crushing in the testing 
machine. ‘The tendency of most of the pieces, when failing in 


compression, was to make a succession of folds forming regular 


189. 


rings, as illustrated in Fig. 188. These rings were formed with- 
out splitting or tearing of the metal in any way. 

The general results of the various crushing tests are given in 
the appended table, and the appearance of the specimens after 
being crushed is shown in Figs. 188 and 189. 


RESULTS OF CRUSHING TESTS. 


EXTERNAL rp Ap- CRUSHING 
No: DIAMETEI LENGTH Loap Rewanes. 


Inches. Inches. Inches.) Pounds. 


0.026 ‘ 148 7,600 Shown in Fig 
0.029 2 5,000 

0.028 2% 5,000 
0.085 6,000 
0.042 7,000 
0.048 8,000 
0.028 22 5,000 
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The specific gravity of 4 number of the tubes was taken, and 
the results are given in the following table. It will be noted 
that the variation in specific gravity is very small, but that in 
general the annealed are slightly heavier than the unannealed. 


SPECIFIC GRAVITY Tests, May 3, 1898. 


| 
Dimension. 


Name or Tuse. 


Thickness 

In Water. 
Difference. 
Specitic Gravity. 


Diameter. 


McCool (M—1), annealed... 1.25. 0.026 23 0.1110 0.09685 0.01415 
 (M—2), annealed.... rt 75 15558 13571 0.01987 
(M—8). unanneale UF 2 09057 OTS890 0.01167 

-138224 0.11528 0.01701 

.1154 .10073) 0.01477 

; Pp ope A, annealed 875. 0.042 19 0.12162 0.10610 0.01532 


> Pope B, oil tempered 875 0.033 21 0.11035 0.09618 0.01417 


Original tube, McCool process 1.7 0.28265 0.2465 0.03643 


DISCUSSION, 


Prof. R. C. Carpenter.—I would like to add in regard to the 
method of making the endurance test, what I pasate have stated 
in the paper, viz.: that the apparatus which was used for making 
- this test was modelled closely—and finally, before using it, was 
copied almost exactly—from the drawings of the machine used at 
the Watertown Arsenal for this purpose. It is not a particularly 
excellent design. I think Mr. Henning can help us out very 
much by deseribing better methods of performing this. 

In regard to the compression test, there were some results which 
seemed to me very remarkable, since in my previous experi- 
ments I had never obtained such results in crushing pieces of the 
tubes which were cut from the annealed tubes at random—this 
was originally 1} or 1{ inches in length—lI cannot tell exactly with- 
out looking it up—and simply pressed between the two heads of 
the machine and crushed down, and there was a tendency for prac- 
tically all of the pieces to curl up into this form. Some of them 
crushed a few inches and moved off on one side. That was no 
doubt due to the imperfection of the machine in which the opera- 

ion was performed. 

Mr. Henry Souther.—The description of the McCool process of 
inaking tubing is especially interesting, and notably so in connec- 
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tion with mechanical operations and features. It seems, however, 
to me that it is a mistake to call tubing made by this process 
seamless. It is admitted by the writers that the tubing originally 
is welded in precisely the same manner as ordinary gas pipe 
made by lap-welding or butt-welding. 

Such tubing has quite as much right to be called seamless as it 
would after having been put through the MeCool process, inas- 
much as if the weld during hot-working was not absolutely per- 
fect it would not be made so by anything which is done to it dur- 
ing the McCool operations. 

I think that no competent metallurgist would claim that an 
imperfect weld would become perfect during any form of cold- 
working. It is a well-known fact that flaws in the seam develop 
during the testing of large quantities of ordinary welded pipe. 
It is quite possible that none of the specimens tested in connection 
With this paper showed any signs of a joint, and vet it is also 
quite possible that in testing and manufacturing large quantities 
quite as many flaws would develop as if the tubes had never been 
cold-drawn after welding. 

It is evident that much depends upon the thoroughness of the 
weld in connection with the McCool process. High carbons do 
not weld as well as low carbons. It therefore seems as though 
what is becoming to be considered really strong steel, especially 
suitable for the resisting of vibratory strains, cannot be as safely 
used in connection with this process as it can in connection with 
various other processes described. 

In regard to the quality of steel used, there seems to be a cer- 
tain contradiction upon the first page of the paper and, again, later. 
The paper says * The seamless tubing to be described is made by 
a process of drawing from a superior quality of steel pipe.” 
analysis of the pipe given at the bottom of the page in a foot-note— 
is very far from being of superior quality even for steel pipe. 
Again, on page 759, appears the following sentence: “All other 
processes of producing tubing require the use of high-grade steel 
in order to produce tubing of reliable quality and with strength 
sufficient to meet the requirements of use.” This is certainly not. 
true as stated. There are various processes for producing tubing 
of fair quality from comparatively poor stock. In fact, a great 
deal of tubing commonly used, when analyzed, is not one bit bette 
than that shown by the analysis given in this paper, poor as it is 


which is certainly ¢ cCool process is not an abso- 
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lute necessity to allow of the use of inferior steel. The descrip- 
tions of the methods of producing seamless tubing are exceedingly 
lucid, and should be read by those unfamiliar with the tube busi- 
ness, as they give as clear an idea of the processes as any descrip- 
tion I have had the good fortune to come across. There is little | 
to be said about the first process mentioned, that of uniting the — 
edges of a rolled-up strip by welding or brazing. All authentic 
tests of such tubing which have come to my notice have developed 
fractures at the joint in every case soon after passing the elastic 
limit. 

This ought to be expected in the case of brazed tubing, inas- 
much as the moduli of elasticity of brass and steel differ so 
greatly. The process is hardly more than a makeshift to produce, 
at the sacrifice of reliability, a low-cost, nicely finished tube. 

The descriptions of the Mannesmann and Steifel processes are 
very clear and interesting. That these processes develop any — 
flaws which existed in the original steel would be a recommenda- 
tion, if it were a fact, but I very much doubt whether flaws are so _ 
detected. On the contrary, these methods are likely to weld and . 
close any flaws or blow-holes that may have existed, inasmuch as ; 
the temperature of working is very high, and welding may take — 
place during the first moments of the operation. Cold-working, 
however, whatever the preceding process, certain!y does diene 
flaws and defects, and this is one of the advantages gained by the — 
method. I have seen a considerable amount of tubing made by — 
both of these processes which was not of the best material. 

In the third process described, the expression “spinning from a_ 
sheet” is used. Spinning may be resorted to sometimes, but the 
first operation as actually practised is nearly always one of cup- 
ping by the direct thrust of a cup-shaped punch through a die, 
this being continued with smaller and smaller punches until the 
tube is long enough to have the end cut off. 

In describing the fourth process the writers have neglected to 
mention that, in addition to piercing the billet hot, drilling is 
resorted to quite as often, and, in fact, is one of the favorite meth- 
ods used in England, and has been for over fifty vears. 

The use of a pushing draw-head for entering the tube into the 
die is one that I would hardly have expected to prove successful, 
it least after the tube had become rather small in diameter and 
it the same time thin—for instance, for such sizes as are used for 
»ieycle construction. 
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It is particularly unfortunate that pickling has to be resorted to, 
as the bad effect of the pickle referred to on page 763 of the paper 
is only too well known, and probably causes a greater deteriora- 
tion in tubing than could be overcome by any method of manu- 
facture. IRPf it is avoided entirely the product is sure to be the 
better for it. 

On page 763 the amount of acid in connection with pickling is 
mentioned as being very small, namely, 2 per cent. 1 would like 
to state in connection with this that less than 1 per cent. is now 
the common practice of most tube and wire drawers, and that 
the standing of the tubes on end and causing the water to be 
forced up through them at a very rapid rate has long been com- 
mon practice for the purpose of hastening the action of the pickle. 

The data given in connection with the tests are so indefinite, 
particularly as regards the condition in which the tubes were 
When tested, that intelligent discussion is not possible. The terms 
* annealed,” “unannealed,” “annealed in oil,” and * original,” 
which are used, furnish no information which would allow one to 
make a series of tests with the hope of getting another set of 
specimens into approximately the same condition for comparison. 

For about four years we have been working in our laboratory 
upon the tests of material with the promoter and testing machine 
side by side. We have found without question that the term 
“annealed,” as ordinarily used, that is, the relieving of internal 
strains, is about as indefinite a term as exists in connection with 
the testing of materials. We have demonstrated without a 
question that, by varying the temperature and time of anneal, 
the elastic limit of a given piece of steel may be varied from 
30,000 to 60,000 pounds per square inch. We are also obtaining 
data which point toward the fact that a given steel annealed at 
its point of recalescence is in its very best condition for com- 
bined strength and toughness and refinement of grain. 

In referring to unannealed specimens the writers of this paper 
undoubtedly mean tubes as taken from the draw-benches after — 
cold-drawing. The degree of cold-drawing is not mentioned, and 
in fact it is extremely difficult to cold-draw two tubes not drawn 
through the same dies and reproduce a condition. From the 
results of some of the tensile tests, particularly specimen No. 1, it 
is evident that the tubing was exceedingly hard drawn. 

The elastic limit of these cold-drawn specimens is given with 
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j that information as to just how this point of elastic limit is located 
With any exactitude would be of much value to me and, probably, 
‘many others who are testing cold-drawn material. [tis my ex- 
perience, with all the data obtainable, that the stress diagram of 
a tensile test is such a gradual and uniform curve from the begin- 

- ning to the end that no one point can be found at which it can be 
f certainly stated there is evidence of an elastic: limit. 
severe the drawing, the more is this true. 


The More 
mild-drawn  speci- 
men sometimes shows a vield point which can be located with 


: a fair amount of certainty, but a hard-drawn specimen never 
does. 

The term “annealed in oil” is extremely indefinite, no data 
being given as to the original quenching temperature or the tem- 
perature of the oil in which the specimen was annealed. 

As a matter of fact, [ think that the Society should not accept 


records of tests of which the full data are not given, especially as_ 
to the condition of the specimen tested. Without the fullest of 
data in this respect, the results of the tests are of little use. 

Mr. Gus. C. nning. would merely like to call attention 
the tests which were made, because they illustrate a principle very 
beautifully, and T think that those tests would have been still more — 
beautiful if the machine used for producing them had been more. 
perfect itself, because it depends mainly on the action of the 
machine. If a column of ductile material or even of cast iron be 

placed between two heads and vertical pressure applied, the first: 
change of shape will bea single bend: the second will be the re- 
verse, and then suddenly in an infinitely small space of time you 
will see the column change into the S-shape. It goes like a flash 
from the one shape into the other, Ultimately the cast iron can 
vided the machine is rigid and the heads cannot move in either 
direction. Now, the short specimens did not allow much motion 
in the machine, of course, but these other tubes, that one especially, 
show it distinctly. Tere are two rings formed very nicely, and a 
third ring began to form,and, where the folds are, the head is sim- 
ply twisted a little bit to one side, and there was a transverse in- 
stead of a compression test. These folds occur one after another, 
as is well known, from mathematical reasons. Let us take these 
The head held one end of the tube or the end, and 
these ends cannot change much, but between them is a weak point, 
and that first weak point 


in series. 


cenerally occurs somewhere near one 
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be made to take a curve which has reverse curves at each end, pro- | 
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support or the other, depending upon the perfect holding of the 
end. One end was held better than the other, and therefore the 
folds were more uniformly distributed over it, and the folding oc- 
curred, asshown. The other head which bore on the tube did not 
offer a good support. Therefore the uniformity was distributed 
on the lower head. The first thing that will happen will be to 
extend a little, just as is seen at the irregular part, and then im- 
mediately thereafter there will be flexure, and this irregularity will 
form. If the test had stopped, you would have had a fold) prob- 
ably something like that shown in the other samples. You can 
keep on testing as long as you keep the heads centrally over the 
axis, the material being uniform of course. You can increase these 
folds until you finda point in the tube where there is a defect ; and 
this is actually used, as Iam told, for testing tubes, even heavy 
tubes, in Berlin, where Professor Martens, with his carefully ad- 
justed machines, uses the number of folds and the time of folds in 
regard to the evaluation of the uniformity of the material in the 
tubes. Of course this material shows the behavior of it. Under 
these conditions it shows that it is wonderfully uniform, and I 
think that is really remarkable. [t shows that the weld is entirely 
obliterated by the subsequent work, and that it is not a defect in 
any sense, and, judging from the samples, if the same care were 


devoted, larger tubes could be made with the same satisfactory 
results. 


Mr. C. W. Baker.—In the description of the Steifel process 
given in this paper the impression is given that the Steifel process 
has an advantage over the Mannesmann process in that it avoids 
the spiral arrangement of the fibres which exists in tubes made by 
the Mannesmann process. 

This spiral arrangement of the fibres of the tube has been 
claimed to be one of the important merits of the Mannesmann 
process; and I think most engineers have accepted it as sound 
reasoning, at least for pipe subjected to internal pressure, although 
it might not prove an advantage where a pipe was to be sub- 
jected to transverse strains. It would be interesting to know 
whether there is any real objection to the Mannesmann tube on 
account of the spiral arrangement of its fibres. 

Professor Carpenter.—In regard to the elastic limit I will take 
very great pleasure in putting in curves showing the extension of 
the material, and I think you will see that the elastic limit is very 

well detined indeed in the material. 
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In regard to the statement that the Mannesmann process hunts 
up defects, I would say that this information was obtained from a 
description written by a prominent employee in the Mannesmann 
factory. That view is evidently the impression of the men who — 
are using the Mannesmann process. 

Mr. Souther.—Perhaps I can try to answer that question in re- 
yard to the spiral structure of the Mannesmann tube. It may 
possibly exist in the early stages. After drawing the billet and . 
after thorough annealing I have failed to find it in the micro- 
structure or by any tests I have been able to devise. After the 
many annealings that take place during the process of drawing 
the finished tube, I certainly have not been able to find any spiral 
structure, and I have had some of the best experts on micro- 
structure at work on it. 

Mr. DP. J. Fiekinger.*—It may not be out of place to state | 
that the object of this paper was not, as would appear from the — 
discussion, a commercial one, but one that would be of interest to | 
this Society, inasmuch as there has not appeared in the transac- > 
tions any description of the Mannesmann or kindred methods of 
tube-making. And to describe all methods that have been re- 


sorted to to produce tubes of a satisfactory nature would require 
a large volume. 

Any one wishing to give the subject any particular study will 
find Edw. C. It. Marks’s * Treatise on Iron and Steel Tubes” 
quite valuable. You will note that this paper says the tubing is— 
seamless in the sense that no indication of the weld which existed 
in the original stock before drawing is visible in the finished prod- 
uct, nor could its position be ascertained when the samples were 
tested to destruction. 

The writer was instructed to select a fair set of samples to- 
gether with a piece of original stock (hence the indefinite term 
“original” in the report of tests) and take it to Sibley College 
and have it tested. The results were so much superior to expec- 
tations that on returning [ selected a much larger number of 
samples and forwarded them to Professor Carpenter also, with 
the results that are before you, and judging from tests and re- 
quirements of users, feel justifiable in saying to any one doubtful 
regarding the seamless nature of this product, to find the seam. 

Regarding the analysis of the steel employed, will say we 


* Author's closure, under the Rules. 
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have never had it tested, but making inquiry from two different 
sources, have received, viz.: Oliver Steel Co.—carbon .OS—.10, man. 
0.45, pho. .09-.10, sil. 009; Carnegie Steel Co., carbon .10, man. 
30-40, phos. and sulphur under .04. When we purchase the 
billets we require that it shall answer our purpose, and leave the 
mill the responsibility of production. 

When people buy tubing they require that they shall stand their 
~ methods of construction. They are not buying the analysis; it is 
results they want. 

That the tubing stands the vibratory strains, the results seem to 
indicate. That it is as good or better than some so-called high-car- 
bon nickel-steel, or oil-annealed samples the gentleman alludes to 
as being so indefinite, I might say that I presume he can tell more 
regarding that special tube. 

The term annealed, I will agree, is quite indefinite, and would 
be glad to substitute a better one. It means in this paper just 
what the gentleman understands—/. ¢., relieving the tubes of 
strains due to cold-drawing. 

That the Mannesmann system welds up the defects and does 
not give to the particles composing the tube a spiral direction, 
is new tome. What samples of Mannesmann tubes I have seen 
tested indicate that it does. 

Regarding Steifel’s process, patent No. 23,702 reads: “To 
pierce metallic blanks or billets in a heated state without subject- 
ing them to a torsional strain or materially disturbing the longi- 
tudinal arrangement of the fibres of the metal.” 

Regarding the amount of acid for cleaning, I am aware that 
4 of 1 per cent. will clean metal surfaces, but not rapidly enough. 
I have been in close touch with the wire business for the past ten 
years, and can say that the average practice is nearer 6 per cent. 
than anything else; the liquor being kept hot and subjecting the 
metal to the action a shorter time. 

The pushing head is in operation at the MeCool Tube Co.'s 
works, producing tubes down to 4 inch diameter by 24 gauge. 

Mr. Henning’s remarks are very instructive and interesting, 
and, coming from recognized authority, are gratifying in the 
extreme. 

Prof. R. C. Carpenter.*—Mr. Souther raises the question as to 
the value of the tests given, from the fact that a full history of the 
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method of manufacture of the steel employed cannot be stated, and — 
also that there is doubt respecting the exact composition of the steel. 


It is certainly worth considering whether or not this objection is 

a valid one. As understand the point made by Mr. Souther, 
considers that there is question regarding the uniformity of 
products produced in this manner, and there is a possibility — 
the samples furnished for testing were better than the average. — 


To tind out whether such a statement was based on reasonable — 
grounds, the series of tests has been considerably extended and — 
selections made at random from stock in such a manner that it: 
would seem hardly possible that poor material should not be found — 
if any existed. The results have been uniformly good, indicating 
to my mind that the process of drawing is of such a character as 
to improve the quality of the material emploved. 1 am also fully 
satisfied that the average quality of the material is excellent, and_ 
that the process is such as to produce little or no inferior tubing. | 
In regard to the tube marked “Annealed in Oil” and *¢ rininals 
to which Mr, Souther refers as misleading, I would state that 
these tubes were supplied by the works with which he is connected 
and were marked in the manner described. [ do not believe that 
the general publie will be at all misled by the notation used. The 
McCool tubes were tested in the unannealed condition, which con- 
dition corresponded to that of leaving the draw frames, and also 
When annealed or after they had passed through the annealing 
furnace. The annealing is performed automatically in the manu- 
facture or making of the McCool tubes and in such a manner 
that it is very difficult and nearly impossible for irregularities to 
occur, consequently what Mr. Souther states in regard to the un- 
certainties attending uniform annealing certainly does not apply to 
the MeCool process, wuthough it does, without doubt, suggest the 
cause of lack of uniformity which we have observed in tubes of 
many other makes. 

Mr, Souther states that the elastic limit cannot be definitely 
determined in many makes of tubes, and in this respect I fully 
agree with him. As regards the MeCool tubing, the elastic limit 
is as well defined as with a piece of steel of the same character, 
the strain diagram being essentially in every case of the same 
nature as the one submitted (see Fig. 190), which represents a 
tensile test of a McCool tube. The reduction in section, which is 
well shown in specimens 7 and 90, Fig. 186, also shows this char- 
acteristic well. 
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For these various reasons it seems entirely unnecessary that a 
history of the manufacture of the steel should accompany this 
discussion, although doubtless it would be a matter of much scien- 
tific interest. 

The point which has been raised regarding the exact 
analysis of the steel is of much interest, especially for the reason 
that subsequent investigation shows this analysis to have been 
substantially correct, except that the amount of phosphorus was 
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given somewhat too great. The tests indicate that this steel, 
which chemical analysis shows to be at least of only ordinary 
quality, forms, when treated in the manner described, tubing of 
excellent and even superior qualities. 

Regarding the use of the word “seamless,” I would say that it 
seems to me entirely fit and appropriate, for there is certainly no 


seam to be detected on the finished tubing either before or after 
fracture, and such is not the case with any so-called seamed or 
welded tubing. 
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DCCLXXXIV.* 


4 THE HANGING AND SETTING OF THE HORIZONTAL 
FPIRE-TUBE BOILER, 


A PHILIPPIC ON THE COMMON METHOD, AND A METHOD OF 
REMEDY. 


~~ 
‘hat BY OROSCO C, WOOLSON, NEW YORK, N.Y, 
J 


— (Member of the Society.) : 


Ir may be recalled that in 1891 the writer had occasion to ~ *. 
his views as to the proper construction of a furnace for wood 
burning under boilers, which received some attention in the tech- 
nical journals. At that time I felt that the common method of 
suspending boilers should be changed, and I adopted, among 
other features, a four-point link suspension, but in later years I 
have discarded the four-point suspension and have adopted a 
three-point suspension for substantial practical reasons. 

The common method of hanging horizontal fire-tube boilers is, 
in my opinion, wrong, and I know of no reason why it is persisted 
in except that it is an antiquated custom, and therefore we con- 
tinue it in a sort of indifferent, nothingless way, apparently not | 
realizing that the world moves and we should move with it, or 
perhaps forgetting that the whole course of our existence is one 
continual development, and while it is the pride of some to be- 
come potent factors in this development, others take equal pride 
in accepting things as they find them and make the best of them, 
regarding it as a virtue in so doing on about the same theory 
that a nick man takes a dose of castor oil, because he has to. 

At the time mentioned above I thought the discarding of side- 
brackets on the shell of a boiler and the adopting of four suspen- 
sion lugs to take links were about right, but in later years I saw 
an improvement, and forthwith discarded the four-point suspen- 
sion and adopted a three-point suspension for reasons which I 
will now explain. 

While the four-point link suspension is far better than the rigid 


* Presented at the Niagara Falls meeting (June, 1898) of the American Society 
of Mechanical Engineers, and forming part « of Volume xix. of the 7ransactions. 
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side-bracket bearing arrangement, it is open to one of the objec- 
tions which the rigid bracket has, by becoming a three-point sus- 
pension, and yet not be discovered except by accident in some way, 
through the settling or bulging of the wall under the bracket. By 
reason of its different construction, the four-point link suspension 
does not change into a three-point suspension in the same secret 
way which is possible with side brackets, but it sometimes gets 
there, resulting in suspending the weight of the shell with its load 
of water and pipe connections, and sometimes more or less mason 
work on the top of the shell, upon three unequally distributed 
points. I have found this the case in a boiler hanging where the 
suspenders were made with an eye at the lower end, and a thread 
and nut at the upper end passing up between heavy crossbeams 
and taking a strap. The crossbeams rested on the outside walls 
simply, not having steel uprights to take the load off the walls. 
One wall having in time yielded a little, carried the crossbeams 
down with them, leaving the suspender slack, which necessarily 
threw the load on the other suspenders, and they, not being dis- 
tributed to carry the load in this irregular way, brought a distor- 
tion on the sbell, which is not a legitimate function for the shell 


and rivets of any boiler to stand. 

Now let us turn to the virtues, if there be any, of the solid 
side-bracket suspension, leaving out the question of advantages or 
disadvantages of furnishing these brackets all in one casting or 
making them with a dove-tail construction. Many years ago the 
common practice was to let these side brackets rest directly upon 
the mason work. Later some one concluded that there should 
be an iron sole plate of some kind placed between the bracket 
and mason work, still preserving the same old cast-iron bracket 
with its more or less uneven bearing surface. Then the idea 
struck some one else that somehow the boiler was not quite so 
free to move fore and aft as it should be, and he introduced a 
series of rollers between the aforesaid plate and the uneven palm 
of the bracket. Some constructors use one roller, others use sev- 
eral, under each rear bracket, but on what theory the use of more 
than a single roller was based I cannot say, unless it was that if 


one roller was a benefit, several rollers must be more so, until at 
the present time the commonest practice is to use several rollers 
under each bracket except under the two forward ones. The 
forward brackets are supposed to be anchored in the walls which 
fix the boiler at this end. 
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Let us analyze first the construction, and next the erection, 
of this system in a boiler setting: In the first place, to have side 
brackets to perform creditably their function, the bearing face 
which is to rest on the rollers must have a perfectly true and 
smooth face. The faces of the brackets should be level or in line 
with the shell, both longitudinally and transversely. I will not 
argue the point, but simply ask, taking work as you find it, are 
they ? 

Now we have got the boiler blocked up in place, and the side 
walls are built up ready for the aforesaid sole plate to be masoned 
in under the brackets, and the mason finds, although a competent 
man, that his wall is just a little too high to get in the plate to- 
gether with the rollers, and the quickest way out of the difficulty 
is to tear down a few courses and thin his joints sutticiently to give 
him a little leeway, so that when he comes up this time he vill 
require to wedge up a little. Ile is all right so far as that goes t- 
but those rollers must be put under the bracket and kept in proper B 
position while he proceeds with his wall. Now there are, we will 
say, three of these rollers to go in, and we find that the under 
side of the bracket and the top of the plate are no exception to 
the regular run of all such work (rough), and we proceed to put all 
the rollers in what seems to be the proper place; but, when the — 
sole plate comes to be wedged and pointed up we find only two 
of these rollers get a bearing, and are pinched, leaving the third — 
to roll around at every jar or movement of the mason, or, what is ~ 
quite as common an experience, one of the rollers will get a bear- 
ing on one end of it only and be perfectly free to swing around 
at the other, while the one which gets no bearing at all will simply 
rest there idly, still the wall is continued up, housing in the bracket > 
completely, and the innocent engineer congratulates himself that 
he used all the rollers furnished him and soon forgets all about = 
it. 


I will now call your attention to other features of the roller 
practice. The roller which is found to get a bearing at one end ~ 
only, when positioned practically square with the boiler, will not — 
remain in that position, and the most natural thing for a mason 
to do is to see if by cutting it round a little it will not get pinched 
its entire length, and he finds that by cutting it round it accom- | 
plishes his thoughtless purpose, and forthwith cuts all the rollers 
round that are loose till they pinch, and so leaves them and bricks 
the bracket in. 
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Up to the present time the weight of the boiler is upon the 
blocking, but when that is removed those rollers which now stand 
in several different directions get the load and are supposed to 
provide an anti-friction bearing. Let us see how far this is the 
ease. Out of three rollers under each rear bracket there is but one, 
we will say, carrying the load, and which stands exactly square 
with the boiler and is pinched its entire length (and that one I 
will wager stands on askew also). Of the other two, one is carry- 
ing no load at all, and the third is eut round sufficiently to cause 
one of two things when the shell of the boiler begins to expand 
and exert itself to move backward on those anti-friction (?) rollers, 
to wit: If the roller which is square with the boiler is carrying a 
little more load than the other one which is eut, the boiler will 
tend to move back in line, and the cut roller, not having the grip, 
will simply be slid over. On the other hand, if the eut roller has 
the greatest grip it will tend to crowd the boiler in whichever 
way the roller is cut, and the result is that something has got to 
yield, which unfortunately is the side walls. 

There are some few constructors who have doubtless appreciated 
the evils of the common side bracket and roller practice, and liave 
provided a cage, or sole plate with ribs on which the rollers rest, 
thereby reducing the chances somewhat of a roller getting cut 
round out of proper place. With the simple cage construction 
they should not stop, but should also plane off the bearing sur- 
face of the bracket if they wish to be consistent. After all, what is 
the result? An expensive and not highly satisfactory and only 
partially anti-friction bearing, subject to many conditions found 
an evil in the common roller bearing. The same criticism holds 
good in the ribbed sole plate also. 

Doubtless there are those who will have side brackets on their 
boilers to the end of time. I perhaps should say “their time,” 
for after that our children’s children will only know of this con- 


struction as a matter of ancient history. To such a persistent 
advocate of the side bracket let me say a word. If the plan I 
have adopted, as shown in the accompanying drawings, does not 


appeal to your common sense, let us see if we can compromise, 
to wit: Leave out the rollers altogether, plane the bearing face 
of your bracket reasonably smooth, use a simple heavy cast-iron 
sole plate with upper face planed reasonably smooth. Now, when 
ready to set this plate, dope it well with common black lead and 

tallow and wedge it up solid under the bracket, preferably taking 


| 
| 
= 
4 


m1 HANGING AND SETTING OF HORIZONTAL FIRE-TUBE BOILER. 785 


care so to place it that the planer tool marks, if there be any, 
shall stand at right angles to the planing on the bracket, and you — 
will have a more perfect anti-friction,bearing than can be obtained 
with rollers. The only object in mixing in tallow is not to serve 
as a lubricant, but it is simply a medium to hold the black lead — 
while the material is being applied, it being better to handle than 
dry lead, and the tallow will soon be gone after firing up, but the 
effect of the slippery black lead burnished into the two faces of | 
the cast iron will last until the boiler is worn out. Even with > 
this practical refinement you have still the brackets and cer- 
tain evils therewith, which the steel ears (hereafter explained) and 
suspended equalizing bar eliminate, and which will be found much 
superior and will cost no more to install. 

I am not yet through with my philippic. Let us assume 
that each of the three rollers under the side brackets are all 
loaded alike, and that they stand mathematically square with 
the boiler, and that no bits of brick, slate, or other foreign sub- 
stance are left alongside of the rollers, and that we are going 

take advantage of all there is in roller anti-friction construe- 
tion, so that so far as that system goes we have got perfection it- 
self. What do we do next? I will explain just what is being done 
every day where this bracket and roller construction are used. 
We deliberately go to work and close in the brickwork against 
the sides of the boiler, chipping out the brick to fit over rivet 
heads, driving the brick in against and around the laps of the 
sheets of shell, and using every effort to m»‘ke a gas-tight joint, 
thereby as completely and thoroughly anchoring the boiler into 
the mason work as it is possible to do with bricks and cement 
mortar, PREVENTING ABSOLUTELY THE MOVEMENT OF THE BOILER 
IN ANY DIRECTION EXCEPT IT TAKE THE BRICK SETTING ALONG WITH 
It. 

If this practice (and it is the method in vogue everywhere 
to-day, even so near the twentieth century) is not a casus belli, 
what is? And aie because of its commonness we overlook it. 


against the rear are of the baller. 

ever for this. Others spring the arch across to 
leaving space between the side of the arch and the head of the 
boiler. 

best a short step when you take into consideration the diffi- 
culty of maintaining an arch built in this direction, and also of 
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preserving a free expanding space and still maintain an air-tight 
chamber. 


Another feature of the common every-day boiler setting which 
is open to criticism is the prevailing method of setting and fasten- 
ing the buck stays. 


These stays are set up against the wall for the purpose of re- 
inforeing them, not to assist in cracking them, and yet the com- | 


mon method of setting and fastening these stays is,in the majority 
of instances, the direct cause for the walls cracking. 

How many stays after being set up do we find bear against the 
wall the whole length of the stay? Possibly one in a hundred. 
The other ninety-nine get a bearing at the bottom, and then very 
likely do not strike the wall again until it reaches the top. This 


practice is inexcusable, especially when it is so simple to remedy. 
‘These stays are commonly bound to the walls by an anchor bolt 
at the bottom, and a long over-all binding bolt, or rod, at the 
top. 

Let us digest this combined misconstruction a little. In the 
first place, we have robbed this buck of its staying function by 
reason of not having brought it to a bearing against the wall 
properly, and in the second place we have provided a clamping 
apparatus so fastened at top and bottom that the natural ex- 
panding of the boiler (or, what is an appropriate expression, the 
breathing of the boiler) when in duty tends to do, and does do, 
the very thing the stays are designed to prevent. 

The long over-all buck stay rods at the tops are used for two — 
reasons: one is that because our grandfathers used them we 
must, and the other is that there is no other way provided for 
clamping the stays with the present construction of horizontal 
fire-tube boilers. 

These long rods being exposed do not expand as the boiler 
and brickwork do, therefore we bind the stays in the same rela- 
tive distance apart, whether the boiler is hot or cold, and the 
stay which gets a bearing against the brickwork at the top and 
bottom only must crack your wall or break the rod, and pos-— 
sibly you do not need me to tell you that it is the wall which 
suffers. 

There is the same tendency to crack the walls, even if the stay 
gets a bearing its full length, provided it is bolted in the same 
old way, but the cracking manifests itself in a different place. 

If the time should come when heat will not 


expand or cold 
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contract matter, then we can continue staying our boilers and | 
fastening our stays in this way and run no risk of having our wall ; 
go to pieces; but until then I regard it a duty to improve on 
A=. 

This ends my philippic, and I beg to ask you now to turn to 
a method of hanging and setting a horizontal fire-tube boiler — 
which I believe to be superior in every particular. (Figs. 191 
and 192.) 

First.—Hang the boiler at three points only. The rear point 
is to sustain two-thirds of the total weight of the boiler, and be- 
comes the swinging point. 

Second.—This rear point is to sustain its load entirely clear of 
the brickwork, upon cross channels which rest, at their extrem-_ 
ities, on steel uprights. 

In the centre of this crossbeam there is located a cast-iron 


saddle in which the swinging-pin rests, and from tlis pin a steel 
strap is suspended, which spans at its lower end a heavy steel | 
equalizing bar, to which it is connected by steel pins also. At. 
the extremities of this bar there are pinned steel links, to weed 


the weight of the rear portion of the boiler is hung. It is obvious, ‘ 
therefore, that there is no influence exerted by this arrangement, | 
except to swing the boiler, leaving it perfectly free to go and come, 
as influenced by expansion and contraction or from any other cause. — 
sy the interposing of this equalizing bar we avoid any possibility 
of bringing strains or distortions into the shell of our boiler, or 
side thrusts into our brickwork, if for any reason the loaded 
foundations or side walls should settle, and there is less likeli- 
hood of getting the boiler out of its exact position when removing 
the blocking, and we are also enabled to raise or depress the rear 
end of the boiler to accommodate piping, blow-off, ete., with ease 
and accuracy by removing or adding the necessary shims under 
the centre saddle, and when finished it is not susceptible of being 
tampered with. No planing or tooling of any kind other than 
the drilling of pinholes is necessary for this construction. 
Third.—The two forward supports each carry one-sixth of the 
total weight of the boiler, and consist of steel ears reaching out 
from the shell and resting upon long cast-iron shoes set out flush 
with the outside walls, thus bringing this weight of the boiler upon 
the red brick walls and entirely off the firebrick lining of the fur- 


yor 


| 


R. 


G 


> 


HANGING AND 


88 


‘ 


OF HORIZONTAL FIRE-TUBE BOI 


| 
000000000 — } 
©0000000 | = 
q 
3 
ve 
: 


HANGING AND SETTING OF HORIZONTAL FIRE-TUBE BOILER. 789 


nace. These ears are masoned solid into the brickwork, thus fixing 
the boiler against any fore and aft movement at this point. The 
shoes are made the depth of a brick and three bricks in length, 
providing thereby a. very liberal distribution of its load. In 
setting these shoes it is simply necessary to bring one side flush 
with the outside wall, and wedge and point it up snug under the 
steel ear, the ordinary mason work being sufficiently level for 
these plates. All the rest will take care of itself. Where two 
or more boilers set in one battery, the aforesaid ears lap by one 
another on the same sole plate and are bolted together to afford 
a& maximum resistance for the furnace buck stay anchorage. 
These ears are riveted or bolted in between heavy steel angle 
irons, which are riveted to the shell, when the boiler is erected, 
but are shipped separate from the shell. 

Fourth.—The set of buck stays shown alongside of the furnace 


wall are anchored at the bottom in the usnal manner, but at the 
top their anchor bolts hook on to the ears of the shell, thus 
avoiding a long rod over the top of the shell (long rods not 
yielding to the “ breathing” of the boiler when heated up and 


cooled down), and always preserving a secure hald of the brick- 
work, keeping it relatively up to the boiler under all conditions of 
expansion and contraction of the shell, for brickwork is quite 
capable of accommodating itself if you will only give it a chance. 
Fifth.—-After providing perfect means for the movement of the 
shell, fore and aft, it would avail us nothing if we are to briek the 
shell in solid in the usual way (but we are not), for every rivet 
head and lap serves to anchor the shell in the brickwork as men- 
tioned before, resulting in cracking and general dilapidation of the 
walls. To overcome this I rivet a heavy 3-inch Z bar to the shell on 
each side. The outer face of this bar is straight and smooth, and 
up against it I bring the inside face of the furnace wall, and 
over the top of this Z bar carry two courses of brick to within an 
inch or two of the shell of the boiler, thus closing the joint as 
plainly shown on the drawing. Bearing in mind that the rear 
point of suspension exerts no influence to crowd the boiler side- 
ways, it is logical to assume that its movement, fore and aft, will 
be perfectly free and independent of brickwork on the sides. 
Sixth.—With the above arrangement alone we will not yet be 
free of all brickwork, for the rear cross wall must be considered. 
Therefore we provide a heavy V-shaped cast-iron beam placed 
across the back chamber, securely masoned in at each end. This 
it= 4 
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beam is placed away from the boiler head about 1} inches. This is 
shown in large seale on Fig. 193 at A and A’. Over the short leg of 
this beam laps one leg of an angle iron which is riveted to the rear 
head of the boiler. This angle iron is cut just the length required 
between the side walls of the combustion chamber ; the vertical leg 
near the extreme ends is cut to a pattern, and these ends turned 
down flat with the horizontal leg; this turned down portion fits 
round the curve of the boiler head, thus altogether forming a tight 
joint. The long leg of the cast-iron beam forms a buttress over 
against which the back arch is sprung, thus forming an arch not 
only laid in the proper direction, but provides liberal head room on 
the sides as well as in the middle of the boiler. The first engi- 
neer to use this style of arch beam was, I think, I. V. Holmes, but 
it is improved by having a series of depressions on the long face 
as shown. With these depressions the brick arch gets a better 
anchorage, not only to stand its own weight and the sand filling 
above, but the occasional weight of the workman who finds it 
necessary to stand upon it. Back of this arch, on the outside of 
the rear cross wall, is placed a horizontal buck stay, anchored by 
bolts extending through to the upright steel standards. This 
takes the thrust of the arch, which will then last indefinitely. 

The foregoing completes a combination of iron and brickwork 
for hanging and inclosing a boiler of any size and any number of 
them, leaving them free to take such position as heat and cold 
and other influences demand, without straining any part or crowd 
ing the brickwork out of shape, and, furthermore, permits the re- 
moving of the fire-brick lining without disturbing the main set- 
ting, and if for any cause the entire brickwork is required to be 
removed it can be done without interfering with the position of 
the boiler, for the rear suspension with the two-thirds load takes 
care of itself, while it is simply necessary to suspend temporarily 
the forward light load by catching the steel ears through the 
buck-stay bolt holes, thus leaving full clearance to work below. 


The following are accessories which I have found to possess 
practical merit (Fig. 193) : 
First.—Where a blow-off pipe is preferably located at the rear, 
I use a fire-clay sleeve, which can now be readily procured in the 
market, being made of different sizes and provided with male and 
female ends. Simply slip on a few of these over the blow-off 
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pipe, first placing in a little fire-clay paste between the ends, 
forcing them together and holding them there by a collar and 
set serew. 

These sleeves will preserve the pipe, located as it is in the hot 
gases, for a great length of time, doubtless as long as the boiler 
will last. It is shown on Fig. 193 and is marked B and B'. 

Second.—The cleaning-out door and frame is simple and cheap, 
but perfectly air-tight. This isshown in detail on Fig, 193, and is 
marked Cand 


There is an annular recess on the face of the frame about 1 | 


inches wide and ,’, of an inch deep, into which is filled fire-clay paste 


when the door is ready to be closed. The inside face of the door, 
around the edge, has cast on it a half round bead, which, when 
the door is closed, forces itself into the fire-clay and forms an 
absolutely air-tight joint, regardless whether the casting is smooth 
and true or otherwise. No tooling is necessary. 

At the two corners of the door opposite the hinges are riveted 
studs, on which lipped straps fit instead of a latch. These have 
been found better than a latch, which requires to be forced to- 
gether a certain degree before it will catch, but the strap and 
stud can be screwed up till the joint is made snug and then left. 

Counter-sinking a spot in the back of the door for the lip of the 
strap to fit in assures the strap standing in its proper place whether 
a man closes up the door in the light or in the dark. Further- 
more, it is a very cheap door to make, besides being air-tight. It 
is not necessary to apply clay every time the door is opened and 
closed, for it will be found that this clay will not easily drop out. 

Third.—The feed head shown in detail on Fig. 195, and marked 
D and D', is, I think, a great improvement over the common per-— 
forated pipe. It produces what could properly be termed a film 
feed as distinct from a spray feed. My object is to avoid the dis- 
charge of a large body of water and yet maintain the necessary 
volume, and at the same time prevent as much as possible a lia- 
Bility to choke up or get out of order in any way. The one shown 
here is, in my estimation, correct for a reliable feed head or — 
nozzle, and is withal simple and cheap. 

The cut showing the side elevation of the boiler gives a pretty 
clear idea of the chambered and perforated arch over the fire 
door. This is made up of special arch brick. Some eight years 
ago I designed this arch for a plant which had had great difficulty 


in getting an arch to stand twelve months. There has been no 
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trouble since. The peculiarities of bridge wall construction and 
such other details as go to make up a substantial and practical 
setting I will not go into here, for most engineers have their own 
ideas, and time is too fleeting to argue minor matters about a 
boiler installation. 

DISCUSSION. 

Mr. Charles W. Barnaby.—I\t seems to me that there is a good 
deal of unnecessary refinement on the part of some in their ideas 
of setting a boiler. We find a good many different methods of 
hanging boilers in the specifications which we receive at our 
works. One in particular I call to mind in which the rear end of 
the boiler had to be suspended on 14-inch hardened and ground 
balls and the V guides or seats had to be made of steel or iron 
planed and finished all over and case-hardened. While the party 
who drew up the specifications considered it necessary to make 
such retined provision for the longitudinal expansion of the boiler 
—the distance was only thirteen feet between centres of front 
and rear brackets—he entirely lost sight of expansion sidewise. 
There was no provision whatever for side expansion. It was 
about eight feet from centre to centre of ball supports sidewise, 
so there was almost two-thirds the expansion sidewise that there 
was longitudinally, and it struck me as rather odd that any one 
who would lose so much sleep over the expansion longitudinally 
would entirely lose sight of the side expansion and go to so much 
trouble and expense to provide for the one and none whatever 
to provide for the other. 

I notice that the front brackets on the boiler suspension adyo- 
cated in Mr. Woolson’s paper extend out some fifteen or, possi- 
bly, eighteen inches, so that the support is some eighteen inches 
from the shell of the boiler. The base of the bracket on the 
boiler is possibly about half this amount. I have often wondered 
that some of these people who borrow so much trouble over the 
suspension of a boiler do not worry for fear that the leverage, due 
to the fact that the extension of the brackets is about double the 
base attached to the boiler, will not tear a piece out of the side of 


the boiler. It seems to me that there is a good deal more danger 
of the bracket pulling a piece out of the boiler shell than of any 
damage resulting from the torsional strain on the boiler due to 
the support giving way under one of four brackets. 

There is one point in the paper to which I want to take excep- 
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tion, and that is in regard to what takes place in case one of the 
brackets on a boiler supported in the ordinary way on four 
brackets is relieved of its support. The author states that when 
the masonry settles under one bracket, in such case the load 
will be thrown upon the other three—-that the boiler will 
be on a three-point suspension basis. Now, I think it would 
be on a two-point suspension basis. If you take the support 
from under one bracket you also relieve the load on the diagonally 
opposite bracket, and the other two diagonally opposite brackets 
take up the whole load of the boiler. I have made no caleula- 
tions, but as a matter of judgment I should say that the torsional 
stress due to the weight of the boiler and the water in it would 
be infinitesimal in proportion to the strength of the boiler; that it 
would not be worth considering. It might be interesting to make 
a calculation on that point, but the diameter of the boiler is so 
great that it seems as if the torsional stress, which would come 
principally on the girth seams, and slightly on the longitudinal, 
would be so slight in proportion to the strength of the shell that 
it would not be worth taking into consideration. The stress 
thrown on the shell by this torsional action would not be in the 


same direction as the strain produced by the pressure in the 
boiler; it would not act in conjunction with the bursting strain ; 
so that it seems to me that it would not produce any noticeable 
result. 

In regard to the slight particle of slate or little piece of brick 
or something of that kind getting under the roller, it does not 
strike me that that would be anything serious. If a boiler can 
tear a massive wall to pieces in the way that the author points 
out, it seems to me that about the first time that it expanded, if 
there happened to be a little corner of slate or something under 
the roller, it would be crushed and would be out of the way be- 
fore the second expansion. Nothing that could materially ob- 
struct the movement of the roller could get under it unless 
some one should take the trouble to wedge a piece of steel or other 
hard metal under the whole length of the roller with malicious 
forethought. 


Mr. Ezra Fawcett,—The object of the paper, it is presumed, is 
to provide for equally sustaining the weight of the boiler at all 
points, to allow ample latitude for expansion, and to eliminate 
the distortion consequent on supporting the boiler by four brack-_ 
ets if the supporting wall should settle more at one point than 
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another. Hanging the boiler at three points with an equalizing 
bar avoids distortion. The absence of long brackets and the 
dome extending out from the shell of the boiler greatly facilitate 
the transportation of the boiler and its handling. The general 
features of the paper are well presented, and the method should 
work well in practice. 


Mr. James Me Bride.—In connection with this matter I am re- 
minded of my boyhood days when, with other boys in front of the 
country grocery store, we were discussing the best method of 
hanging a mowing scythe. One of the boys who had been born 
tired said that he liked his best hung on the fence. So I think 
the best way to hang a fire-tube boiler is to hang it on the fence. 


However, for the benefit of those so unfortunate as to have or 
who are likely to have this style of boiler, I am glad to see some- 
body has got courage enough to start the ball rolling and devise 
some method for improving the setting of it. 

I think Mr. Woolson’s devices are entirely too refined. It 
seems to me that all which is required is to hang the boiler in the 
furnace at two points. You cannot very well hang it upon one— 
hang it at two points. Make it as distinct from the brickwork as 
possible. I have had twenty-one of them for nearly twenty 
years, and they have cost me hundreds of dollars every year for 
labor alone and a large amount of money for material to “keep 
them in repair, and, while what Mr. Woolson says is true, I think 
that he has taken a method of obviatin,s it which is entirely too 
refined for general purposes. [| think people who contemplate 
buying boilers should buy boilers which don’t have to hang at all. 

Mr. Francis H. Boyer.—\ am in sympathy with the two pre- 
ceding speakers for the reason that I am operating and not build- 
ing boilers. I should think that Mr. Woolson is contemplating 
mounting boilers on stilts and marching them around over the 
country. We have some pipe boilers, but where conditions per- 
mit, we invariably use horizontal tubular boilers, although -I would 
say that not long since [ had occasion to tear down the walls of 
one of my boilers which had been running sixteen years, and the 
gentleman who furnished the design for setting that boiler placed 
the rollers under the lugs, and the rollers were put in lengthwise 
of the boiler. Now, that boiler had worked for sixteen vears and 
had done its work perfectly. We never had any trouble with 
it, and I am not positive that this is not a good way to place the 
rollers. When you stop to think fora moment that the slight 


4 > 
| 
> 
as 


796 HANGING AND SETTING OF HORIZONTAL FIRE-TUBE BOILER. 


amount of expansion that the boiler has, probably a two-hun- 
dredth part of an inch, probably not over the two or three-hun- 
dredth part of an inch that it goes, due to the expansion and 
contraction of the metal itself, the question of expansion is hardly 
worthy of consideration. Instead of hanging my boiler from 
one, two, or three points, especially if it is a boiler with lugs on 
the sides, I would put six lugs on the boiler, three on each side. 
[I have taken out boilers when I have found twenty-four inches 
from the lug down that the wall would be entirely destroyed. 
If we have six carrying points and the wall becomes destroyed 
alongside the furnace, we have four left to carry the boiler’s 
weight. There are two parties in boiler making and engineering : 
one is the fellow who builds the boiler and the other is the fellow 
who operates it. Now we look at it from the operating and the 
repairing condition, and we try to get it in such a position that 
when it is in bad shape by neglect or from any other cause it will 
do no harm. I think the tendency of design work is going 
unnecessarily too far—too much of an outlay of money—the 
drawing of these fine points. I furthermore believe that the 
whole result can be had satisfactorily in some of the old methods, 
and am positive that imagination and the pencil enter largely 
into the results which are given out by the new departure in 
steanr boiler generator over our old friend the horizontal tubular. 
Mr. H. H. Suplee.—Mr. Woolson, in his paper, seems to object 
to hanging the boiler on the brickwork, and he only really sus- 
pends it at the back end and only allows the front portion to run 
on the bricks. I do not see why his whole purpose would not be 
obtained—and that I think was Mr. McBride’s idea—by having 
two posts and the cross-beam fronts and tivo links being entirely in- 
dependent of the brickwork. Mr. Woolson refers to the ease with 
which you can take down all the brickwork and reset it if you prop 
up the frontend. Ifthe front end is propped up from the beginning 
so that the boiler stands on its stilts from the start, you would not 
have to bother about the brickwork. I know of a number of 
boilers hung that way, and they have stood very well. 
Mr. Gus, C. Henning—-I notice that Mr. Woolson, in his paper, 
. _—— a point of attachment at the forward end which seems 
» to me a questionable point by which to hang up a boiler, as one 
wall of the furnace may be hotter than the other and that one 
_ wall will either bulge out one way and tilt in the other direction, 
causing the buck stay-bolt to yield and move back. In another 
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case one Wall expands more than the other, and the bearing will 
come on the higher lug and on the rear hanger, which of course 
produces a tremendous strain on the front connection, which will 
cause the boiler to bend so as to buckle the shell of the boiler on 
one side. If it had been hung up on the front end, where there 
is some stiffening, due to the tube-sheet or the head and the flange, 
the hanger would be in the same position on the side, but it 
would not buckle the boiler. There would be considerable work- 
ing at the side, which always comes on the horizontal seam, being 
a particularly bad spot for motion. This is the usual result when 
a boiler is hung as Mr. Woolson proposes, because he catches hold 
above the seam and in a place where the boiler is not stayed at 
all. If it were attached forward about the horizontal seam, where 
the boiler is reénforced by the plate, no bending strains would 
arise in the shell. Of course the working of the boiler is the 
cause that opens seams, and injures them more than anything 
else, and, with that point in view, I think the attachment should 
not be as shown. Of course a hung boiler will avoid a great 
many troubles that are found in those that are fixed. At the 
same time we know that a boiler hung, as shown, frequently works 
forward and back, and when the boiler, in some manner unex- 
plained, due to the dripping of water or otherwise, rusts fast, it 
will stick and the wall connections will be forced. The trouble is 
that walls that are hung as shown do not remaia in position, as it 
isa common occurrence that one wall is hotter than the other. 
These causes produce unnecessary strain. The ordinary boiler 


may be set en four lugs. That is, one wall will expand or con- 
tract differently from the other, but still the boiler will remain on 
these lugs; but the boiler should be tied to its position so that. it 


cannot work off the bearings, because it may oscillate forward and 
back even when set on rollers. I think the points of suspension 
should be selected with the utmost care. I do not believe that 
the point of suspension shown is as good as another that 
might be selected, for the same reason that it comes on the point 
of the boiler where there is no stay from side to side. Of course 
if there is any working at all the sheets will bend and will have 
an oscillating motion all the time, because we know that the shell 
works in different parts differently. It is not simply expanding 
and contracting, but the boiler works under the changes of heat 
and the position of the boiler just as much as though acted upon 
locally by pressure or otherwise. 
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Mr. G. W. Bissell—While agreeing in the main with the con- 
clusions of the writer of this valuable paper, it would seem as 
though there is some inconsistency in allowing the boiler to rest 
on any part of the brickwork of the setting. It is oftentimes 
convenient to be able to tear down a setting for repairs, especially 
at the front end, where repairs are most often needed. It some- 
times happens also that one or both walls of the boiler setting 
have to be changed, as when new boilers are added to form a 
battery. It is also convenient in the erection of a boiler to be 


able to hang the same from girders and to leave the space under 


= 


the boiler free of blocking, thus facilitating the work of the brick- 
layer. Since putting in the boiler described in my paper at the 
last meeting, I have in several instances employed the same gen- 
eral principles of hanging the boiler as I there described, and am 
quite strongly convinced that the boiler should be completely 
suspended and should not rest in any way upon the setting. 
When setting boilers by this method I usually hang them about 
one inch above their final position, throw a brick arch over the 
shell, using the latter as a form, and when the brickwork is com- 
plete the boiler is lowered about an inch, thereby leaving the same 
unbound by the brickwork and providing an air space over the 
top. 

Mr. William H. Bryan.—Mr. Woolson’s objections as to the 
ordinary method of hanging the horizontal return tubular boiler 


are well taken. It must be remembered, however, that this plan 


of lugs, rollers, and plates is quite inexpensive, and for this reason 
alone will continue to be used to some extent, in spite of the grave 
objections to it. Bad as it is, it is still a great improvement over 
the old methods. On Mississippi River steamers and in some sta- 
tionary plants in the Mississippi River Valley, which follow river 
practice, many of the boilers are still supported on columns cast 
with the boiler front, and cast-iron stands under the mud-drums 
at the extreme rear end. 

Unless low first cost is imperative, boilers should always be 
hung from overhead. I have designed a number of systems for 
this purpose. The use of cast iron or structural steel columns at 
the sides to support the cross-beams is desirable, but adds greatly 
to the cost. As acompromise I frequently rest the beams on the 
side walls on heavy cast or wrought iron plates, distributing the 
weight over a considerable area. In such cases the air space in 
the masonry must be omitted underneath the supporting plates. 
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Fig. 193 indicates my most recent practice; the cross-beams 
being channels, and links being used to connect the eyebolts to the 
lugs riveted to the boiler shell. 

The drawing also shows some other points which may be inter- 
esting—such as the down-draft furnace, location of steam dome 
at the extreme rear to get the dry steam, circular return at rear 
end of the furnaces, and deflectors over front ends of tubes to 
distribute the gases better. 

This setting is, of course, open to the objections which Mr. 
Woolson mentions, that the entire weight may come on three of 
the bolts. This should not happen, however, if the engineer at- 
tends to his duties. It is as much his business to keep these nuts 
properly adjusted as it is to keep the boilers clean. This drawing 
is also open to the objection that proper provision has not been 
made for expansion and contraction of the boiler without inter- 
fering with the brickwork. A simple computation shows the 
expansion of a 16-inch boiler between 52 degrees Falr. and the 
temperature of steam at 100 pounds to be 3 of an inch, which is 
certainly too much to be disregarded. 

Mr. T. W. Hugo.—I presume that one reason for still retaining 
the practice of suspending a boiler by brackets resting on the wall, 
or otherwise, is the question of cost, which certainly should and 
does come into the calculation, but it seems almost too much re- 
finement for the ordinary boiler if we adopt Mr. Woolson’s plan. 
I do not approve of the usual custom of using brackets, and de- 
sire to call to vour attention to a practice which has given us good 
satisfaction in the Northwest. I am not aware whether or not it 
is common in the East. 

The first sheet of the boiler extends beyond the front head 
‘s about nine inches and rests on the boiler front casting, which is 
made a little heavier than the ordinary front, while the rear end 
of the boiler rests on a concave roller, which is placed on a saddle- 
piece supported by a pier of firebrick. There are thus two points 
of support, and, when it is fired up, the boiler is free to adjust 
itself to conform to any strain that may be put on it. The brick- 
work is continued up over the boiler at a distance of from two to 


four inches. The space thus formed becomes filled with a hot eas. 
or other products of combustion, and the flame is prevented from 
sweeping over the boiler by check walls and, in some cases, a back- 
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conform to any strain, and that without injuring the brickwork. 
We find that the repairs account is reduced toa minimum. I have 
in mind boilers so.set which have not been touched for eleven 
vears until last winter, and then we had merely to point up the 
joints, and others which have lasted nine years without re- 
quiring any repairs, but in all those cases the boilers were well set 
in the first place, which is the great secret of an economical set- 
ting. 

Mr. Me Bride.—\ agree with the last speaker in regard to the 
question of cost. I think it is very largely a question of cost 
why those boilers are set in that way. The boiler in itself has 
such a factor of safety over any strains that are likely to be 
brought on simply by the weight of the boiler itself, that I think 
many of those refinements can be entirely disregarded. I had 
some boilers set as the last speaker mentioned, The front rested 
on the fire front, and about two feet from the back end rested 
upon a cast-iron leg set upon a brick pier. The piers burnt out. 

Thad them built of the best ordinary sized firebrick. They 
burnt out every few months. I replaced them with firebrick 
made six inches thick, twelve inches wide, and two feet long, two 
of them to one layer, and crossed them. They also burnt out, 
and the thing became such an intolerable nuisance that I discarded 
them altogether, and riveted lugs on the back end of the boiler 
to support it. You ean set one of those fire-tube boilers and run 
it for fifteen or twenty vears, and it may be just as good almost as 


the day vou set it. But take the same boiler and take out every 


particle of work it is capable of giving and your furnaces are 
going to burn out. So I think the reasonable thing to do is to 
hang it up by ears at the top and let it go where it has a mind to. 
Let it go and take the brickwork with it; that is better than it 
is to attempt to fasten it any way and put an extra strain on it. 

If a boiler can be hung in a furnace independent of the brick- 
work entirely, the furnace will last very much longer than if it is 
attached to it in any wav whatever. 

Mr. Barnaby.—I would like to ask for a little information con- 
cerning the expansion of boilers. A speaker has said that the ex- 
pansion of a boiler was about 2 of an inch in its length. Less 
than a month ago a man who has had considerable experience in 
the design and sale of boilers told me that a paper was recently 
published, I think in Germany, where they had made elaborate 
experiments and determined that there was actually no expansion 
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whatever to a steam boiler. I would like to inquire whether 
_ there are any of the members present who have seen such an 


article. I told him I thought there must be some mistake about 
it, because that was contrary to all previous theory and experience 
as to the effect of heat upon metals; but he said that there had 
been an elaborate experiment made, and that it was the same 
length when heated as it was when cold. There is quite a differ- 


ence between his statements and the 3 of an inch expansion that 


the gentleman has just given us. 


Mr. Boyer.—There is one thing in setting a boiler to which | 
do not think attention has been ealled, and that is the steam con- 
nection from the boiler. It is oftentimes the case that the steam 
pipe leaves immediately from the top of the boiler. In our coun- 
try we do not attach steam drums to boilers. I find that question 
of applying steam drums has a great deal to do with locality. 
We build without steam drums, aking a cast-iron neck for steam 


connections, rarely going to the end of the boiler before we con- 

-nect it into a large steam pipe with usual junction valves. There 
is one objection Mr. MeBride has brought of supporting the boiler 
in front and having the expansion at the back. There you throw 
the entire contraction and expansion on that steam pipe, on the 
fittings and everything joined with it, and yet it is rare that we 
hear of the connections rupturing. I think in our town we have 
had in the last year three large breaks of steam pipes, and invari- 
ably they have been in the steam line outside of the boiler room. 
Ilere we have a battery of boilers, and it is necessary to let one 
down in the centre or draw the fire for cleaning. Here come 
this expansion and contraction, and the strain must be taken up 
on the pipe. There is the danger point. [am inclined to think 
that this entire question overawes engineers. I do not believe 
there is half in it they think there is. Take our sectional tubular 
boilers—I think the danger is multiplied until it becomes a great 
big bugbear. 

Mr. Henning.—I would like to say that, although the expansion 
of the boiler is very slight, we are talking now about the relative 
expansion between the boiler and its setting, and, if the brick ex- 
pands one inch and the boiler one-eighth of an inch, it produces 
just the same. effect as if the boiler expanded one inch and the 
setting remained the same. Say the boiler is heated to the proper 
condition—expansion under 500 degrees is very small indeed. A 
boiler fifteen feet long would not expand one-eighth of an inch, 
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but it is the setting that expands. Under the same temperature, 


steam, the temperature in the furnace and linings is at the time 
2,500 degrees. The brickwork of any kind expands under that 
condition at least two inches and a half for fifteen feet in length, 
if it were all at a temperature of 2,500 degrees, but as the outside 
is colder than the inside, the expansion of the setting is less than 
an inch, or about that. It is hardly the expansion of the boiler 
itself that causes the trouble, but that of the setting. 

Me Bride.—In answer to Mr. Barnaby’s question about ex- E 
pansion, I can say that about twenty years ago I measured 
boiler under the temperature due to about 125 pounds of steam. 
The boiler, if I recollect, was 18 or 20 feet long, and I recall very 
distinctly that the expansion was about 2 of an inch. The ex-- 
pansion of a 16-foot boiler between 70 degrees and 350, accord- 
ingly to the coefficient of expansion of wrought iron, would be _ 
about .35 of an inch. 


Mr. Bryan.—My figure, 3 of an inch, was simply computation — 
based on the assumption that the temperature of the shell was 
the same as the steam inside. It was taken from 32 degrees. 

Colonel Meier —l have measured a boiler just as Mr. McBride | 
said, and found ¥ of an inch expansion for a 16-foot boiler. I 
measured it at the rear end and the front end both. I had plumb- 
lines both at the front and rear ends. The front end was fixed. 

Mr. Henning.—Did you measure at the bottom of the boiler as — 
well as at the top‘ 

Colonel Meier.—At both top and bottom. 

Mr, Henning.—Was it the same at the top as at the bottom ? 

Colonel Meier.—There was a slight difference. It was a water-. 
tube boiler. It was not like those “ hung on a fence.” 

Mr. Henning.—Tie expansion at the bottom is about twice as 
much as at the top. 

Colonel Meier.—This was a water-tube boiler, and the differ- 
ence between the top and the bottom was not quite a sixteenth 
of an inch. 

Mr. Charles W. Baker.—I would like to ask Mr. Henning how 
he knows the expansion at the bottom is double what it is at the’ 
top. 

Mr. Henning.—By putting notched iron rods through the back 
wall, and measuring at the top,'and doing the same thing at the 
bottom. I tried to find out where the trouble with some boilers 
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‘Thad set up arose, and I found that it was partly due to the 
ehange of shape of the boiler, because the tubes were in the bot- 
tom and there were not any tubes in the top, and the expansion 
of the tubes and the shell having the fire below and the fire 
= — through the tubes and no fire on top caused that part of the boiler 
_ to expand very much more than the top. I simply put rods 
_ through holes in the setting, and I found at once that the boiler 
was very much longer and had actually sagged in the middle on 
account of the distortion of the boiler. The boiler does not re- 
main a cylinder, but becomes an annulus of a ring of a very large 
curve, and somewhat on account of the setting as well. The 
principal forces are at the bottom and, as that expands, the top 
» not expanding as fast, the temperature not being as high, the 
boiler is distorted. It is one of the most difficult things to say 
what a boiler really does do, but it is not so difficult to say 


What the setting does, because that can be measured from outside 
‘points; but there is no setting that ever expands the same at four 
different points. 
: Mr. Barnaby.—1\ would like to ask Mr. Henning whether that 
: boiler was perfectly clean, or had scale on the inside. 
Mr. Henning.—Two boilers had just been set and, after the 
second week’s operation, we found some trouble and some break- 


ing of connections. Just as soon as we found that, we made 
longer connections and gave greater clearance in the brickwork, 
so that they could bend, and we had no further trouble. 

Mr. LaForge.——\ do not know that I entirely understand Mr. 
Henning and his method of getting the measurement of the ex- 
pansion of a boiler. It seems to me, though, that rods going 
through would be likely to expand and contract as well as the boiler 
itself. It would be very difficult to get the measurements with 
any sort of accuracy. 

Mr. Henning.—I happened to take one rod that had been di- 
vided by inches, and I inserted this same rod at different points, 
front and back, without leaving it in any length of time so as to 
_ produce considerable expansion, and then I measured the distance 
L inserted this rod from some boards set vertically and independ- 
ently of the boiler setting. 

: Mr. William Garrett.—No matter what the method was by 
which the gentleman took the measurement of those boilers so as 
to know whether the bottom of the boiler was longer than the 
top, I should think that common sense would tell us that the bot- 
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tom of the boiler, having more heat under it, would naturally ex- 
pand more than the top of the boiler, where there is less heat. So 
[ have no doubt that the bottom of the boiler is always longer 
than the top. ° 

Mr. Me Bride.— Perhaps it might be well for me to say I meas- 
ured the boiler on the top of the shell from the end of the sheets 
where they are attached to the heads. I measured along on the 
top of the boiler on the bare shell. 1 took my measurement with 
a wooden rod, and the expansion was about 3 of an inch. 

Mr, Baker was merely going to ask the last speaker 
whether he thought there was any considerable difference in the 
actual temperature of the metal at the bottom and at the top of 
the boiler notwithstanding the greater heat applied to it. 

Mr. Boyer.—In reference to the expansion of the metal, prob- 
ably if we had our “ Haswell” or other reference books here we 
could very quickly determine what the expansion amounts to. I 
cannot help thinking that this 3 of an inch in 16 or 18 feet is 
overdrawn. I had occasion to put a pipe under a street for taking 
liquefied ammonia across—a welded pipe. I wanted to test it, and 
I laid it on a floor. The pipe was 85 feet long. I put steam 
pressure on up to 80 pounds, which gave me 312 degrees, and my 
pipe elongated about 3 of an inch. When you speak about the 
expansion of a boiler hanging in the lugs, it is not expanding all 
one way, but it is drawing to three different points—from the end 
of the boiler to the lugs and from the lugs to the centre. I still 
think that the working of the boiler on its lugs is but three or four 
hundredths of an inch. I wish we had here to-day Colonel Haft, 
of the New York & New Haven RR. Company, to give us a 
description of his boiler settings, where he is placing between his 
grate-bar and boiler 48 inches. 

The President.—That was for burning sparks, I believe. 

Mr. Boyer.—Y es, sir; he is burning locomotive sparks. When 
they take the locomotives to the round-house and open the front 
connection doors, they find collected on the spark-arrester (wire 
screen) a large quantity of small particles of coal unconsumed, and 
it is this collection which Colonel Haft is using in his furnaces for 
steam generating. If I were installing a new battery of plain hori- 
zontal tubular pattern of boilers, I would build a grate-bar 9 feet 
long and 48 inches clearance between the grate and the shell of 
the boiler. I should burn soft coal and coke, the coal on front 
part (6 feet) of the grate-bar, and have a thin fire of hot coals on 
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the back part of the grate which would admit of air passing 


through, and in so doing it would become heated to a high degree 
(from 1,200 to 1,800 degrees Fahr.). This, when coming in contact 
with the distilled gases from the coal, would cause complete (or 
nearly so) combustion in the combustion chamber back of the 
bridge wall and in the flues of the boiler. In my own boilers we 
are using this system, contined as we are to a 6-foot grate-bar and 
a 34-inch clearance between the grate and boiler, and we get a 
working result with Pocahontas or New Liver (soft Southern) 
coal of 10,4, pounds of water to a pound of combustible. 

Mr. Orosco C. Woolson.*—I feel called wpon to say that I was 
morally certain that a bold philippic on the subject of boiler set- 
ting would arouse some latent heat, and I strongly suspect that 
had Demosthenes turned his energies loose on boiler abuses instead 
of on the abuses ef King Philip, he would have been torn to pieces 
by the populace, but as history records nothing of that kind, I 
think it fair to assume that the Grecian orator confined himself to 
matters of less importance, wherein the mass of the people felt 
that he was right, and therefore did not annihilate him or even 
declare him “inconsistent,” through incorrectly interpreting his 
meaning, nor was he “ hung on a fence,” or much less was it sug- 
gested “to march him around the country on stilts,” but rather | 
he was cheered for his boldness and courage in telling some whole- 
some truths. 

I am particularly pleased to hear from Mr. Hugo, for his 
remarks take me back just twenty-six years, at a time that I set 
several boilers in Ohio and Illinois in just the manner he de- 
scribes. 

The extended lower front half of shell he mentions, having a 
band of 14° x1" iron riveted on, found a lip to catch over a semi- 
circular flange on the inside of the front, fixing the boiler securely 
forward, the back end resting on a concave roller, as Mr, Hugo 
describes. 

There are several good features attached to this style of carry- 
ing a boiler in brickwork, but, for the varying conditions in 
which boilers are placed and operated, I regard the system pre- 
sented in my paper as much superior, taking all things into 
account. 

The matter of expansion and contraction in boilers has received 
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considerable attention, and I cannot refrain from saying I do not 
believe any one can sit down and accurately determine just the 
amount of movement (Wwe will not call it expansion) to which a 
boiler of any size will be subject in the brickwork. I recall one 
case in a battery of five tube boilers which I put up in Chicago, 
supported in the manner described by Mr. Hugo, in which the 
back head had a movement of nearly three-quarters of an inch, 
The shells of these boilers were 18 feet long. 

Now, I do not say that this movement was due to the expansion 
of the shells or to the expansion of the brickwork, or to both, work- 
ing, possibly, in opposite directions, but I feel that we confine our- 
selves too much to simple expansion or contraction, due to metal 
so many feet long and a temperature of so many degrees, and 
conclude that that is all there is in it. 

Replying to Mr. Barnaby, I can only repeat what I before ex- 
pressed, that I do not believe it possible for any one correctly to 
determine just to what extent a boiler will move. 

That one boiler of the same size as another is quite likely to 
have a more or less movement and that all boilers move, some more 
and some less, there is no question, and I would not value any set 
of experiments which apparently proved there was no expansion, 
not to say Movement, 

The particular movement in any one boiler is constant under 
like conditions, but the movement of the brickwork is not con- 
stant, and for various reasons becomes, in many cases, much 
more than the boiler. 


I have found t//s a very common condition; say, for example, 
the setting is new and the boiler fired up for the first time, being 


such a one as described in my philippic, where the boiler is 
thoroughly anchored in the mason work, so that the moment the 
shell begins to squirm and expand to adjust itself it crowds the 
mason work and shortly cracks it, and in this condition it remains 
for the time, while dirt, dust, and bits of cement find their way 
into the cracks, thereby preventing the brickwork from returning 
to its original position when the setting is cooled down. 

The logical and potent result of this is that, when fired up again, 
the boiler goes through the same movement as before; but the 
brickwork has got a start already, and this second boosting aggra- 
vates the matter, and the cracks increase in size and quite possibly 
in number, until such time arrives when the whole setting is so 
free and loose from the shell as to be incapable of further influence 
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from it, and becomes simply a poorly supported casing, which 
finally falls to pieces, one and two bricks at a time, in the natural 
course of events, till we conclude to give it a thorough repair or 
take it down altogether, charging it up, of course, to expense 
account and innocently congratulate ourselves that it is all regu- 
lar and must be expected in steam-boiler plants everywhere, and 
possibly shaking hands with ourselves to think we managed to 
keep running so long without experiencing more serious trouble. 
In replying to the remarks of Mr. Boyer, which will apply to 
several others as well, I am forcibly reminded of the thoughts that 
came to me when I concluded to write my paper, to wit: There 
will always be, perhaps, a certain amount of antagonism between 
the fire-tube and the water-tube boiler advocates, and I am free to 
say I expected to be classed with the fire-tube fraternity ; yet a 
careful perusal of my paper will not justify such an impression. 
There are good features to be found in both styles of boilers, 
and my purpose was not to create discussion on any points except 
such as pertain to the horizontal fire-tube problem, and in no 
instance did I speak of the water-tube boiler as “ pipe” boilers. 
Yet if Mr. Boyer thinks by supporting a fire-tube boiler somewhat 
after the manner of the water-tube style, and assumes by so doing 
that such boiler is eapable of “marching over the country,” then 
‘reply is: * We are now on the march.” 
Mr. Boyer’s remark that he is an “operator of boilers, and not 


builder and operator during the past twenty-eight years, and such 
opinions as I have formed about the manufacturing, shipping, 
erecting, setting, and handling of boilers have been based entirely 
on practical experience. If such had not been the case, I confess 
I should not have had the courage that Mr. McBride credits me 
with. 

Mr. McBride evidently is not a fire-tube boiler man except from 


_ force of circumstances, therefore we shall have no opportunity to 
argue; but, taking his own statement of expense with his boilers 
during the past twenty years, [ am prompted to say to him that 
what he needs is more “ refinement” and less repairs. 


One of the objections to resting the shell of a boiler on a con- 


cave roller at the rear, or on a leg, is just what Mr. McBride men- 
tions. 


Under certain conditions of firing, this construction, continually 
enveloped in carbonic acid, deteriorates rapidly. Still, if Mr. Me- 


a 4 
> 
é 
‘on 


HANGING AND SETTING OF HORIZONTAL FIRE TUBE BOILER. 


sride had done just the reverse and had employed a very small 
hard-burned fire-brick such as are used in steel works he would 
have had better results than with such large slabs of silicious ma- 
terial, yet I think, under the circumstances, he did well to adopt 
other means to support his boiler. At the same time I cannot pre- 
vent my thoughts from reverting to the last two lines of the 
second paragraph of my paper. 

To reply fully to the excellent remarks of Mr. Bryan would 
occupy too much of the time of the Society, but by turning to the 
cut shown of the boilers he refers to as his “most recent practice” 
I notice he has adopted several features that I thought were good 
many years ago, but which, as mentioned in my paper, I have 
now abandoned for something I consider better. 

By reference to the cut of my wood furnace boiler, which was 
illustrated in the American Machinist, May 14, 1891, it will be 
seen that I hung the boiler by links to cross-beams resting on 
iron uprights, both fore and aft. 


The cross 7 beams were turned down flat, which reduced the 
height required, yet they were capable of doing this by reason of 
their particular close support, thus requiring but a single beam. 

The first paragraph on page 783 of my paper answers, I think, 


some features of Mr. Bryan’s remarks. 

I believe the circular return at the rear, shown by Mr. Bryan, 
has its good features, but it has also a greater number of objec- 
tionable features, and I therefore abandoned it. 

The dropped chamber at the rear I believe has no practical ob- 
jections to it in ninety-nine cases out of a hundred; therefore [ 
adopt it. 

Of the circular return shown in Mr. Bryan’s cut and that in 
my cut of 1891, I prefer mine for this practical reason: In his de- 
sign he places his cleaning-out door entirely below the shell of the 
boiler. This door, if for cleaning out solely, should be placed 
somewhere on the side of the setting if possible to do so. Where it 
is not possible a pocket should be located in the paving back of 
the bridge wall and reached by a tunnel from the rear. 

Where there is no drop chamber at the rear there should always 
be a door of liberal size up opposite the tubes to enable a man to 
easily examine his boiler head, even when it may be under steam, 
and for that reason I placed the door in the 1891 cut up high and 
left out the circular arch above, but I provided for movement of 
the boiler, as will be seen by a glance at this old cut. 
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. The practice of affording ample opportunity to get at the shell 
: - of a boiler for inspection, no less than for repairs, is imperative 

wit me, for I have been obliged to crawl around under boilers 
and lie on my back on a long inclined paved bottom, with my 
heels dug into such crevices as could be found, to enable me to 
get into some particular spot with a hammer or a chisel and a 


of the tubes in the rear head, over Mr. Bryan’s circular return 
need expanding I should not care to double myself up on that 
~ curve to do the work, no matter what particular tube it might be 
that needed attention. 

The protecting sleeves shown on my blow-off pipe are prefer- 
able to the use of brick for the following reasons: They are made 
amore refractory material than ordinary fire-brick, and_par- 
ticularly bull-nose fire-brick, such as Mr. Bryan shows, and as 
employ ed for my of the Pipe, expose 


shows. Still, what is more import: unt, my sleov es being strung on 

— the pipe and held up to place with the collar at the bottom, there 
is no liability of any of the joints opening from settling of the 
earth or paving under the boiler, as would be quite likely to occur 
in Mr. Bryan’s plan. In fact, with my sleeves there need be no 
-fire-clay joint exposed at all, because these sleeves being male and 
female, it requires only a small amount of clay paste in each joint, 
3 and the simplest method of making up the whole length of pipe 
: ~ covering is to slip the several sleeves on to the pipe when the 
on er blow-off is ready to be serewed into the shell. And you will 
Li, - notice that these sleeves all slip down till the iron collar at the 
ae, , bottom rests on the elbow, thus leaving sufficient exposed pipe to 

7  g get hold of it above the sleeves. 

When ready to clay the joints and put the sleeves finally in 
place it is simply necessary to get a pinch bar under the collar 
4 and force them all up and fasten the set serew and the job is done 
all time. 
I am sorry not to have heard more from Mr. Laforge on this 

- subject of hanging and setting boilers, for I value his opinions 
greatly because he is constantly having to meet the objections 
inherent in different styles of boilers and settings. 

I beg to thank the members for the courtesies extended to me 
in this discussion, and particularly to thank Mr. Fawcett for his 
remarks and to say he leaves me nothing to answer. 
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Ginning. 


In the year 1784 an American vessel arrived in Liverpool with 
eight bags of cotton, which were seized by the customs officials 
on the ground that it could not possibly be American cotton ; 
next year there were five more bags exported, six bags in 
1786, and one hundred and eight bags in 1787. This was all 
Sea Island cotton (/.e., long staple cotton), for until 1791, when 
Whitney invented his cotton gin, upland cotton (i.¢., short staple 
cotton) was practically unknown. This short staple cotton ad- 
hered so obstinately to the seed that an operator could clean 
only one pound per day. 
_ Two years after Whitney’s invention of the gin the crop had 
grown to five million pounds; ten years later, to thirty-five mil- 
lion pounds; and in twenty years it had grown to eighty-five 
million pounds, while the estimate of the crop last year (that of 
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1897) was five thousand five hundred million pounds. Of this 
only fifty million pounds is Sea Island cotton, the remainder 
being upland. 

In the year 1791 two operators could produce two pounds of 
cleaned cotton per day. With the present system of automatic 
feeders, ete., only two men are required to remove the cotton 
from the wagon and attend to six gins producing twenty-four 
_ thousand pounds of cleaned cotton daily. 

Previous to the invention of the Whitney gin a small roller gin 

(invented in India some centuries ago, and called a “Churka”) 
was used. It consisted of two rollers placed parallel to each 
other, with a small space between, and revolving in opposite 


* Presented at the Niagara Falls meeting (June, 1898) of the American 
Society of Mechanical Engineers, and forming part of Volume XIX. of the 7rans- 
actions. 
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directions. One of the rollers was smaller than the other, the 
smaller one being of iron and the larger of wood. The operator 
turned the machine with one hand, and fed in the seed cotton 
with the other. Only long staple cotton (which is easily de- 
tached from the seed) could be cleaned with this machine, and 
its output was about three pounds per day. Most of the roller 
gins of to-day are modifications of this type, the widest depart- 
ure being that of the McCarthy gin, Fig. 196, which consists of a 
leather roller and two steel blades, one of the blades being pressed 
against the roller, while the other blade has a rapid reciprocal 
movement, and strikes the seeds as they are drawn against the 
edge of the first blade by the adhesive action of the cotton to 
the rough surface of the revolving leather roller. This rapid 
striking movement detaches the seeds from the fibre. 

The original Whitney gin consisted of a drum with rows of 
wire hooks, or teeth, inserted in line around it. As the drum 
revolved, these teeth passed between a grate, or grid, the bars 
of which were sufficiently far apart to permit the teeth to pass 
without touching, but so close that the seed could not pass 
between. Another grate, wide enough to allow the cleaned 
seeds to drop through, was mounted to form a hopper for the 
seed cotton, and hold it against the revolving drum. The revo- 
lution of the drum, coupled with the drawing action of the 
teeth against the cotton in the hopper, caused the cotton also 
to revolve and form into a roll, thus resulting in continually 
presenting new material to the teeth, and giving the cleaned 
seed a chance to drop through the wider grate forming the 
hopper. As the teeth, or hooks, passed through the roll, they 
became charged with filaments of cotton, and the seed being 
held back, either by the surrounding material pressing against 
it, or by its contact with the forward grate, caused the filaments 
to be detached from the seed and carried forward by the drum, 
until they were removed by a brush revolving with greater 
rapidity in an opposite direction, and in such a manner that the 
bristles brushed the teeth in the direction in which they were 
inclined. This removed the filaments of cotton from the drum, 
and the speed of the brush was sufficient to clear itself by cen- 
trifugal action. As will be seen by the accompanying drawing 
(see Fig. 197), the Whitney brush was four-armed. 

Numberless patents have been issued and a few improve- 
ments made on the Whitney gin, but the principle remains the 
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same. Instead of the wire teeth fixed in a drum, we have teeth 
eut out of a cireular metal plate. The brush consists of a 
drum with rows of bristles inserted lengthwise across it, and 
with wings on the end to give an air current. Rotatable plates 
have been placed at the ends of the cotton roll to reduce the 
friction and assist it in revolving, and perhaps the most impor- 
tant improvement is the mote board,* which regulates the cur- 
rent of air produced by the wings on the brush so nicely that 
the current is just strong enough to carry off the cleaned cotion, 
but not enough to carry off the motes, or immature seeds, which 
thus become separated as wheat is from chaff. The addition of 
this air current, and the passing of the cotton through flues to a 
lint room, or condenser, also materially assist in opening up 
the neps occasionally caused by the films of cotton doubling 
around the teeth and becoming snarled. 

The lint room was merely a large compartment or box fitted 
with screen ventilators, into which the cotton was blown, the 
ventilators allowing the air and dust to pass away. 

In 1878 a condenser was added and made a part of the gin. 
This condenser is a revolving screen, and as the cotton is blown 
against it the air passes through, leaving the lint on the face of 
the screen in the form of a bat, the air passing out through the 
bottom and ends of the condenser, and carrying the dust and 
dirt with it, the screen, as it revolves, constantly presenting new 
surfaces to the oncoming cotton. A bat roll is placed over the 
top of the revolving screen and lifts the cotton from it, deliver- 
ing it into a chute. 

Fig. 198 shows the gin with the improved brush and lint room 
as made in 1848. 

Fig. 202 shows the gin and condenser as manufactured at the 
present day. 

The capacity of a roller gin is about four hundred pounds 
daily. The capacity of the improved Whitney gin is four 
thousand pounds per day. 

A roller gin consumes seventy-one thousand foot-pounds of 
power for each pound of cleaned cotton, against thirty-five 
thousand foot-pounds on a Whitney for the same quantity. 

The Whitney gin has, unfortunately for itself, become known 
as the “saw gin,” and I will hereafter speak of it by that term. 


* Invented by Eleazer Carver in 1845. 
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I say “unfortunately,” for the word “saw” has a ripping 
sound, and has resulted in the general and mistaken belief that 
this form of machine is particularly injurious to the fibre, while 
the actual facts are that the saw gin does not hurt the cot- 
ton any more than does the roller gin, and neither of these 
gins will hurt the fibre materially, unless run at too high 
speed, as the injury to the cotton depends upon the sudden- 
ness of its detachment from the seed. Every sample of cotton 
contains a portion of weak fibres, running all the way from a 
tensile strength of from forty-six to two hundred and twelve 
grains (breaking strain), and naturally the weaker fibres suffer 
the most in ginning. Cotton from saw gins shows a little more 
neppiness than from roller gins, but the cotton from the latter 
will be more curled and twisted, and this curling in cotton is 
very apt to result in neppiness when being carded. 

The cotton from saw gins is much cleaner than from roller 
gins, and opinions for, or against, these machines will depend 
upon whether most attention is shown to neppiness or clean- 
ness. If the teeth in a saw gin are made smooth and well 
rounded at the root, and curved so that they will enter the 
cotton at the right angle, they will not injure it unless run at a 
very high speed, but it unfortunately happens that most of the 
ginning in this country is done by custom ginners, who get so 
much per bale for their work, and whose interest lies more 
in the quantity they turn out than in the condition of the 
cotton after it is ginned, and, as a rule, they run their gins at a 
very injurious speed. They would do the same with the roller 
gins, however, and the results obtained would be equally as bad. 

A number of tests made carefully on cotton obtained from 
saw and roller gins show the following results, viz. : 

2.5 per cent. degree of neppiness from roller gins. 

2.7 per cent. degree of neppiness from saw gins. 

Cleanness— 

0.8 per cent. of leaf from roller gins. 

0.00 per cent. of leaf from saw gins. 

1.2 per cent. of crushed seed from saw gins. 

1.5 per cent. of crushed seed from roller gins. 

Seven samples taken from a hank of yarn made from roller- 
ginned cotton showed an average deterioration of 1.4 per cent., 
while eight samples of yarn made from saw-ginned cotton showed 
an average deterioration of 1.7 per cent. 
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If “the man who causes two blades of grass to grow where 


one grew before is a benefactor to his race,” how much more so 
is the man who causes 25,000,000 acres of land to be tilled where 

_ one was tilled before ? 
This Whitney has done for the South. How has the South 


n its ? 


Baling. 


The wo world’s emits of cotton goods amounted to about 
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$400,000,000 in the year 1896. Of this, 95 per cent. is manu- 
factured in Europe, and only 5 per cent. in the United States, 
~ and only one-tenth of the latter amount is manufactured in the 


where the cotton is grown. 


_ This has necessitated shipping the greater part of the crop 
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many thousands of miles, and a tremendous outlay for freight 

and bagging. To mitigate this, many millions have been ex- 
puted in order to reduce the cotton to a density which will give 

ships and cars their full capacity of tonnage, which is about 40 

_ pounds to each cubic foot of space (if the package is round it 

would require 47 pounds to the cubic foot). 

There are about $70,000,000 now invested in the large com- 
presses at central points, and about $20,000,000 in planters’ 
“presses. 
‘The first system of baling cotton, used in the years 1780 to 
‘1810, was that of tramping and mauling it into round bags about 
nine feet long and holding about 300 pounds, as shown in Fig. 195. 
This compressed the cotton to about five pounds per cubic foot. 
Then was introduced the old-fashioned wooden screw press, 
shown in Fig. 198, which compressed to a density of about eight 
pounds. Between the years 1t40 and 1860 were introduced the 
_ power screw presses, and about 1870 the steam press as shown 
inFig. 199. The latter two forms of press are those most in use 
at the present time, and press cotton to about 12 pounds per 
—eubie foot. The best results from these give but one-fourth of 
-aload. In 1845 was introduced the Tyler hydraulic compress, 
‘and in 1874 the Morse steam compresses were introduced for the 
purpose of recompressing the bales put up by the planters and 
-ginners. The immense outlay for such plants prevented their 
erection at other than central points and seaports, the cost 
for the compress alone being from $40,000 to $60,000, and re- 
quiring a steam eapacity of three 150 horse-power boilers. (The 
latest form of these is shown in Fig. 200.) The pressure exerted by 

these gigantic machines is from 5,000,000 to 6,000,000 pounds on 
each bale, or about 2,800 pounds per square inch, the bale while 
under the press being reduced to about 60 pounds density to the 
cubie foot; but so far they have been unable to keep it from re- 
expanding when released from the press, and the average obtained 
is only 225 pounds per cubic foot. Very few bales “dock” at 
Liverpool with a greater density than 20 pounds per cubic foot. 

| In reéxpanding, the bales assume a turtle-back shape, which 
prevents their being stored economically and necessitates “ jack- 
screwing” them into place when stowed aboardship. The reg- 
ular charges at New Orleans for recompressing, screwing, etc., 
are $2.04 per bale, and the job when finished is a mighty poor 
one. 
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The American Cotton Company, by their revival of the eylin- 
drical baling machine, have done a great deal to stir up the 
planters and ginners to the fact that their present methods must 
be improved or abandoned. This cylindrical bale (which con- 


sists in winding a bat of cotton around a core and putting pres- 


sure on the layers as they are wound by means of receding 
drums in sliding boxes held elastically against them) was first 
made by the E Carver Company at East Bridgewater, Massa- 
chusetts, in 1844, for J. E. Carver and W. I. Pratt. They spent 
— $2,400 on the machine, but abandoned it because the mills ob- 
jected to the difficulty of unwinding, and the felted condition of 
the cotton at the centre of the bale caused by the layers creep- 


ing on each other, accumulating and concentrating the pressure 
_ towards the centre. Each layer was necessarily less dense than 
the layer beneath, which it assisted in compressing, and the 
bale could only have an average (instead of a uniform) density, 
which was in inverse ratio to its diameter. (This peculiarity 


was strikingly exemplified some time since at the Ordnance 
Department at Washington when they tried to wind a steel gun 
core with wire, the result being a sufficient accumulation of 
pressure towards the centre to crush the core.) Patents were 
] issued in 1847 to Mead, and in 1848 to North, for machines of 
this type, but until the improvements by Bessonette, in 1595, no 
material progress was made in bringing it into practical use. 
There are now thirty-five plants established, which, last season, 


put up sixty thousand bales of cotton, compressed to a density 
of about 30 pounds per cubic foot, the pressure exerted being 
one thousand pounds to the square inch. (It must be remem- 
bered that about 17 per cent. is lost in stowing cylindrical 
packages. ) 


Vig. 201 shows this form of press as now constructed. 

Between 1840 and 1850 two other forms of pressing cotton 
were invented, one of which had a circular tube with a revolv- 
ing head containing a number of cone rollers placed parallel to 
cach other, with a narrow space between. As the head contain- 
ing the rollers revolved, the cotton was intended to feed between 
them: but the inventor failed to notice that as one side of the 
roller rotated inwardly, the other side of it must necessarily 
rotate outwardly, thus preventing any drawing in action on 
the eotton. As several other inventors have, within a few 
years, tried the same scheme with like results, the prior 
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inventor (if still alive) need not feel humiliated at his want of 
foresight. 
: 7 The other form referred to was twisting the cotton into a 
thick rope and coiling it on a spindle ; this needs no comment. 
During the past ten years efforts have been made by several 
ie inventors to pass cotton between met tal rollers held tightly 
together, and have the rolls move reciprocally over the receiv- 
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ing box, or the receiving box move reciprocally under the rolls, 
thus folding the cotton into layers; the box in either case 
having a screw or hydraulic mechanism attached thereto to 
compress the layers of cotton. The greatest difficulty found with 
this style of machine has been to pass cotton between metal 
rollers without injury to the fibre. 

The latest distinct form of press is that shown in Fig. 202. 
This press is somewhat of a mechanical problem, and the atten- 
tion of the Society, with a view to solving the principle involved, 
is particularly requested, as its application to a useful art is 
entirely new, and possibly capable of being much extended. 
The press consists of an inner sleeve 19 inches inside diameter 
at the top, and drawn in to 18 inches in the first 12 inches of 
length. This sleeve has a collar, or flange, and revolves on anti- 
friction bearings, on the shoulders of the stationary outer casing. 
Bolted to this outer casing is a slotted cap plate. The slots 
are one-ha'f inch wide, and run radially from within an inch of 
the centre to the outer diameter of the sleeve. Eight slots are 
used on the present machine. On the inner sleeve is mounted 
a spur gear, by which the sleeve is made to revolve, and a drawn 
steel tube, to carry the bag for the reception of the cotton, is 
attached to the sleeve by a flange. In operation the sleeve is 
first filled with cotton, sufficiently tight to give some pressure 
against the cap plate; the cotton, as it comes from the gins and 
condenser, falls on the cap plate, and some of the fibres become 
engaged with the cotton moving underneath the slots. These 
fibres draw in other fibres, with which they are interlaced, and 
in this way the whole body of cotton on the cap plate is soon 
engaged and kept moving towards the slots. As the cotton is 
drawn around the lips of the slots the upward pressure of the ma- 
terial in the sleeve squeezes out the air and compresses the fibres, 
and there is no opportunity for reéxpansion ; this continuous in- 
troduction of new material forces downward the material already 
in the chamber. The narrowing of the diameter, or otherwise 
the choke in the sleeve, together with the length of the tube, gives 
the resistance which regulates the density of the bale. To give 
a greater or lesser density the choke is increased or decreased, 
and the tube lengthened or shortened. With this machine, and 
an exertion of 25 horse- -power. cotton has been compressed to a 
density of 86 pounds per cubic foot. (Oak is but 54 pounds 
to the cubic foot.) But in “——~ the bales are only made to 
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a density of 50 pounds per cubic foot, as that is sufficient for 
the full utilization of any shipping space. By taking in a very 
thin bat of cotton, only a small amount of pressure is needed to 
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compress it to the required density; the large compresses find 
it necessary to obtain a pressure of 2,800 pounds to the squar 


inch to compress a full-sized bale to 22 pounds density, and thi 
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American Cotton Company, with a thicker bat, require 1,000 
pounds pressure to obtain a density of 30 pounds, while with 
this thin bat only 60 pounds pressure to the square inch is re-_ 
quired to compress the cotton to a density of 50 pounds to the 
cubic foot. 

At the inception of this machine it was deemed impossible, 
by those consulted, to obtain enough frictional resistance in a 
construction such as this on yielding material like cotton, to 
obtain any amount of density, and the first machine was made 
with 3 inches of choke in 24 inches of length, the chamber being 
16 inches diameter at the bottom and 19 at the top. The first 
two bales came through, but the third had become so very solid 


plate, stripping the thread from the bolts. 

[I am of the opinion that the resistance is created by the— 
cotton forming an arch, or bridge, using the sides of the sleeve 
as an abutment. 


ing and rehandling of cotton now made necessary by present — 
methods, and will fully utilize the carrying capacity of ships and 7 
cars—making the saving on a crop as large as that of last season 
of over $40,000,000. 

I beg to acknowledge my indebtedness to Dr. Forbes Watson, 
J. E. Carver, Silliman’s Journal, and the Manufacturers’ pees 7 
for much of the preceding information. 


gu DISCUSSION, 


Mr. S. N. Bourne.—The ease in handling, opening, and clean-— 
ing the sack is a great advantage. The sack can be turned back 
to expose a part or the whole of the hole for inspection, and can 
be taken off intact and used or sold again. 


? 


Nore.—The revolving of the cap plate with a stationary sleeve gives like — 
results, 


1 
about 2,009 pounds per hour, running at a speed of 14 revolu- 7 
; tions per minute, and make bales built up of spiral layers, ‘@ 
which, when opened, spring apart, thus saving much arduous . 
labor at the mills, and facilitating the mixing of the cotton. a 4 
As will be seen from the construction of this machine, it is 
inexpensive to build, and will easily come within the reach of 
i 
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In regard to mixing— 
= It is very desirable to put into a mixing at one time the cotton 
| from several different bales, and is much to be preferred to the 

present custom of putting one bale through, then another, and 
so on, one bale after another. You can readily see that this cot- 
ton which lies before us is in a very convenient form for a mixing 
of this sort. 

=j It seems to me there is a great future in this bale. 
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EXTENSION OF THE STANDARD UNIFORM METHODS 
OF CONDUCTING AND REPORTING STEAM-ENGINE 
TESTS. 


BY BRYAN DONKIN, LONDON, ENGLAND. tee 


(Member of the Society.) 


Tuts subject has had considerable attention in the United 
States for many years, and valuable work has been done there, 
more so than in other countries. The writer considers that it is 
very desirable, and that the time is now ripe for the further dis- 
cussion of this important matter, and with this object he makes 
the following suggestions. 

More uniformity in different countries could doubtless be. ob- 
tained in the future by the adoption of such standard methods 
and by more combined action. Regulations of this kind would 
add to the comfort and ease of comparing steam-engine results 
of very different types in the United States and Europe. The 
American Society of Mechanical Engineers has for some years 


taken the lead in an excellent and practical way. 


Steam Boilers, Locomotive and Pumping Engines.—This 
Society has formulated methods and instructions to be used for 
testiny 


not only steam boilers, but also locomotive and water- 
pumping engines. This has raised the Society in the estimation 
of the engineering world wherever English is spoken. In France 
and Germany, however, little or nothing is known of the useful 
work which has been carried on, and steps should therefore, in 
the writer’s opinion, be taken to make such methods more largely 
appreciated. 

Marine and Factory Engines, ete.—Similar standard methods 
of conducting and reporting these experiments should, he sug- 
gests, be extended not only to the important branch of marine 
steam engines, but also to factory, mill, and agricultural engines, 
and quick-running steam motors for electrical work. 


* Presented at the Niagara Falls meeting (June, 1898) of the American Society 
of Mechanical Engineers, and forming part of Yolume XIX. of the T7rans- 
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Rotary Engines—Some notes might also be added to include 
the new types of steam road carriages and rotary fixed engines, 
since the efforts hitherto made to standardize trials relate 
chiefly to the reciprocating type of engine. At the same time, 
all the existing reports of your committees might perhaps be 
remodelled and made up to date. 

Gas and Oil Motors.—It would also be well that*a committee 
should be appointed by the Society not only to take into con- 
sideration the above questions, but also to standardize a 
uniform method of testing and reporting on gas and oil engines, 
These extremely economical motors give, as is well known, a 
very much greater heat efficiency than steam engines. They 
must, therefore, have a great future before them. and the 
sooner such methods of trial are published, the better for 
those who make the tests and those who have to compare 
them. 

Blank Forms.—With regard to the blank forms for the different 
types of steam engines, the writer is of opinion that it would be 
better, and likely to cause less confusion, if they were kept quite 
‘separate and distinct. There should, he thinks, be different in- 
structions for testing, first, land fixed engines ; second, locomotive 

engines; third, marine engines; and fourth, water-pumping engines, 

_ Any engineer, even if not a member of the Society, should be in 
_a position to purchase these blank sheets separately for his imme- 
diate use. One set should also be drawn up for steam boilers, 
and thus there might be in all five pamphlets, each embodying 
complete instructions. These five pamphlets could always be 
on sale at a moderate price for engineers, students, and others, 
and ready for any test. It would be best to have them printed 
on strong paper, in small book-form, pocket size, as reference to 
Transactions is inconvenient, and 


error. 

Another step, perhaps of equal importance, which the writer 
begs permission to suggest, is that the Society should have 
these forms and instructions translated into French and German, 
and adapted to the metrie measurements of those countries. 


- They could then be sent, if desired, to the most suitable institu- 
a and societies in France, and also to those in Germany, 
a selgium, Russia, Austria, Switzerland, and Italy. If these soci- 
- eties have not already a standard method of making similar 
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trials, it might be suggested to them to constitute a committee 
to formulate similar standard methods for use in their own coun. 
tries. It would be desirable to add that, if possible, the same 
general order should be adhered to to facilitate comparisons 
of the different results in different countries. In this way we 


may, in a few years, hope to see some approach to uniformity in 


the records of tests in the different engineering centres through- 
out the world. In England the Council of the Institution of 
Civil Engineers, London, at the writer’s suggestion, has taken the 
matter up, and the Thermal Efficiencies Committee (of which he 
is a member) will shortly issue their full report. Appendix I. 
(subjoined) gives their preliminary report, published in the spring 
of 1897. 

Another committee has also, at the writer's suggestion, been 
lately appointed by the council of the same institution, for eon- 
sidering and reporting upon the best set of headings for standard- 
izing steam engine and boiler experimental results. This com- 
mittee has not yet issued any report nor held any meetings. 
The conclusion arrived at in the preliminary report of the Thermal 
Efficiencies Committee is that all steam and heat engine results 
should be given in thermal units per indicated horse-power and 
brake horse-power, and not in pounds of steam per indicated 
horse-power and brake horse-power only. 

Dealing with so large a subject, no programme can ever 
be final, but will require revision every few years, as science 
advances, and better instruments are invented or brought 
out. 

The writer is very glad to see that Mr. Barrus, of Boston, 
and others, are advocating similar standards, and also adapt- 
ing to modern requirements those already published by this 
Society. 

In future, if the English and American standard result sheets 
for steam engines and boilers could be issued in the same 
general order, it would help to make the experiments and ren- 
der comparisons easier. 

At present there is no agreement amongst engineers as to the 
best standard for efficiencies of steam engines, in order to com- 
pare the results of any actual steam engines with those of an 
ideal engine. This difficult question has been discussed by the 
London Institution of Civil Engineers’ Thermal Committee, and 


their report will be published shortly. re 
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Appendix IT. contains a few additional suggestions of less im- 
portance than those mentioned above, but upon which discussion 
by the Society is invited. 


APPENDIX I. 


PRELIMINARY REPORT OF THE COMMITTEE APPOINTED TO CONSIDER 
AND REPORT TO THE COUNCIL UPON THE DEFINITION OF A 
‘STANDARD OR STANDARDS OF THERMAL EFFICIENCY FOR STEAM 
ENGINES. (LONDON INST. CIVIL ENGINEERS.) 


Your committee beg leave to report that they have now practi- 
cally come to an agreement on the subject of the reference to 

them, and that the draft report has been drawn up. 

~The conclusions to which they have come to are as follows: 

— (1) That the statement of the economy of a steam engine in 

terms of pounds of feed-water per indicated horse-power per hour, 

is undesirable. 

(2) That for all purposes, except those of a scientific nature, it 
is desirable to state the economy of a steam engine in terms of 
the thermal units required per indicated horse-power per hour (or 
per minute), and that, if possible, the thermal units required per 
brake horse-power should also be given. 

(83) That for scientific purposes the thermal units that would be 
required by a perfect steam engine, working under the same con- 
ditions as the actual engine, should also be stated. 

The proposed method of statement is applicable to engines using 
superheated steam as well as to those using saturated steam, and 
the objection to the use of the number of pounds of feed-water, 
which contain more or less thermal units according to conditions, 
is obviated, while there is no more practical difficulty in obtain- 
ing the thermal units per indicated horse-power per hour than 
there is in arriving at the pounds of feed-water. 

For scientific purposes the difference in the thermal units per 
indicated horse-power, required by the perfect steam engine and 
by the actual engine, shows the loss due to imperfections in the 
actual engine. 

A further great advantage of the proposal is that the ambiguous 
term “ efficiency is not required. 
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APPENDIX IL. 

1. Percentage of Water 7 
senting graphically the percentage of water in the cylinder of any 
steam engine after cut-off is a subject well worth considering. If 
possible, it should be on the same base line as the indicator dia- 
gram. 

2. 


“ Cards.”’—The word “cards” should, in the writer’s opin- 
ion, be abandoned in all future reports and discussions on this 
subject, and the words “ indicator diagrams” always substituted 
for it. In taking diagrams from steam engines no “cards” are 
or ever have been used. 


3. Steam Enaqine Indicators, also Gas and Oil Engine Indi- 
cators.—TVhe public should know the opinion of this Society as 


to the best types to be used in view of the various speeds (from 
fifty to five hundred revolutions per minute), and the tempera- 
tures of saturated or superheated steam or gas in these motors. 
4. Indicator Springs.—A standard method of testing indicator 
springs hot in their indicators. Should such be recommended by 


the committee ? 

5. Pi ition of Indicators on Cylind of Motors.—Advice should 
be given and attention paid to the question of placing an indicator, 
whether on a vertical or a horizontal cylinder. The two ends of 
a cylinder should never be joined up by pipes. Each end of each 
cylinder should have its own indicator, and each pipe fixed with 
as few bends and made as short as possible. 

6. Smoke Scales for Observation of the Degree of Smoke Every 
Two Minutes during a Ten-hour Test.—As the question of smoke 
and its prevention is likely to come with increasing prominence 
before municipal authorities, the best way of representing smoke 
by smoke scales, and standardizing the observations made on it, 
should, the writer thinks, be dealt with by a committee. The 
best method hitherto proposed is probably that suggested by 
Professor Ringelmann with five standard smoke scales, and pub- 
lished in November last in the Engineering News. 

he Power Requ ire d for Driving the Engines Themselves.—W hen 
engines are tested, whether using steam, gas, or oil, they should, 
whenever possible, be indicated when driving themselves only, 
and this information should be added in all tests. 
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8. Leakaye.—Pistons and valves should be tested for leakage of 
steam or steam and water, wherever possible. 

9. T% mperature of Cylinder Walls.—The temperature of the 
cast-iron cylinder and cover walls should be more often taken in 
scientific tests, with the best electrical instruments now available. 
The paper by Professors Callander and Nicholson* may be referred 
to as the best on this subject. The temperature of cylinder walls 
is of great importance, as having a large influence on the con- 
densation of steam. 

10. Steam Jackels.—Whenever any parts of cylinders or re- 
ceivers are jacketed with steam, a small pressure gauge, pre- 
viously checked, should be fixed on each jacket, to determine the 
actual pressure of steam. A small tell-tale quarter-inch cock, 
opening into the engine-house, should also be provided on the 
same gauge fittings, to enable the engineer to see whether air, 
steam, or water comes out when the cock is turned on. In im- 
portant tests such cocks should be fixed at the lowest and highest 
parts of each steam jacket. 


NOTE BY THE PUBLICATION COMMITTEE.— The ground covered by Mr. Don 
kin’s paper was so similar to that treated by Mr. Geo. H. Barrus, in his paper 
presented at the same meeting entitled ‘‘ Plea for a Standard Method of Conduet- 
ing Engine Tests,” that the two papers were discussed in connection with each 
other, Readers and students are therefore referred also to the discussion of that 
latter paper, which will be found as paper No, 781 at page 713 of this current 
volume of 7ransactions, 


DISCUSSION. 


.- Mr. William Wallace Christie-l am heartily in favor of Mr. 
Donkin’s suggestions. Ilis plan of using blank forms in pocket- 


book size is very good, 


In making tests of steam engines I have found a great variety 
of proportionate results when measuring the power to move an 
engine alone, and it seems to me that it would be very advisable 
to include it in the new tabulation. 

The boiler pressure, and admission pressure of steam to cylinder 
as well as M. E. P., should be noted. 

We hear so much about low coal consumption per engine indi- 
sated horse-power along with close figuring. Should the economy 
of engines be given in thermal units per net horse-power, that is, 
total indicated horse-power less horse-power required to run engine 


* Read before London Inst. Civil Engineers this winter. 
| 
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alone, some tests might change places and some types of engines: 
now in the first row might be given seats further back. 
It would be very much appreciated by all engineers if there 


could be such a standardizing of tests, ete., as is suggested by the 


writer of this paper, and also by Mr. G. H. Barrus’ paper pre- 
sented at this meeting. 

Prof. PR. C. Carpenter.—The paper by Mr. Bryan Donkin, of 
London, England, calls attention to the desirability of adopting a_ 
standard method of engine testing which shall be used by engi- | 
neers both in this country and in England. I think that all the 
members of the American Society of Mechanical Engineers would 
be pleased. to see a uniform me thod employed by all the English-_ 
speaking people. They — employ the same system of 
weights and measures, and it does not seem to me that there 
should be any very great ‘ific ulty in agreeing on a common basis 
for conducting engine trials. 

In Appendix I. to Mr. Donkin’s report attention is called to. 
the desirability of reporting results in thermal units instead of in- 
pounds of steam. Professor Aldrich has already called the atten-_ 
tion of the Society to the desirability of adopting the thermal unit | 
as a standard, and consequently the matter has been fully discussed _ 
by the Society. There is no question but that the thermal unit is _ 
a better standard than the weight of water or coal per unit of 
work performed, but it should also be borne in mind that the 
value of the thermal unit increases with an increase in absolute 
temperature, and hence it cannot form a standard unqualified by 
existing conditions. It also strikes the writer that the old stand-— 
ards of weight should be retained, and not replaced entirely by 
the newer and more scientific one relating to the thermal value. | 
I think that room can be found in the reports for expressing re-— 
sults in terms of several standards. : 

Appendix IL. of the paper calls attention to some desirable meth- 
ods in connection with engine tests, regarding which the writer 
desires to refer to only those under the numbers 1, 4, and 10. 

No. 1.-~—The ia rcentage of water in cylinders is shown graphi-— 
cally in a very accurate manner during the expansion period, by | 
the construction of a saturation curve for the same weight of steam 
as employed in the engine. 

The writer has already called the attention of the Society to— 
the advantages of this curve (see vol. xv . page 904, of the T’rans- 
actions) for determining the quality of the steam during expan 7 
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sion, and also to the fact that by its use the heat interchanges 


may be computed very easily and with a high degree of accuracy. 

Regarding the method of testing indicator springs, the writer 
has used with great satisfaction for several years past a simple 
form of apparatus, which is shown in the paper presented before 
the Society in 1893.* The apparatus consists of a chamber into 
Which steam of any pressure can be supplied. This chamber is 
connected with a small piston accurately standardized, supported 
by a stirrup, which is suspended in its turn from the short end of a 
scale beam resting on knife edges. The piston is kept in rotation 
Without affecting in any way the pressure acting against it, and 
an attachment can be put on by means of which the drum is 
given the same alternate swinging motion as in use. By this 
device we have found it possible to calibrate the indicator springs 
very quickly and delicately under conditions which are similar to 
those in actual use. Tests made with the indicator springs, cold 
and hot, show that considerable difference is found in the results, 
and that consequently tests of the indicator springs when told 
should not be given any considerable weight. Before adopting 
this apparatus indicator springs were tested in Sibley College by 


- comparison with a mereury column. The results of such a ealibra- 


tion usually indicated irregular extensions of the springs witli 
constant increments of load, and as similar irregular results have 
been published in connection with the use of the mercury column 
in the Navy Department for this purpose, I presume such experi- 
ence is common. A later investigation showed that the irregu- 
larity was due toa wave-like motion of the mercury in the column, 
rather than to any irregularity in the elasticity of the spring. 
When the mercury column had an electrical connection which 
made an automatic record, the irregularity seemed to be magni- 
fied. With the simple apparatus described and illustrated in the 
above-mentioned paper no difficulty whatever has been experi- 
enced in obtaining regular increments of load, which result, I 
believe, must happen in every case with a perfect spring -which is 
not strained beyond its elastic limit. 

The writer is also of opinion that steam gauges are more con- 
veniently standardized by the use of a similar apparatus than of 
the mercury column. The mercury column is very accurate when 


* Constants for correcting indicator springs which have been calibrated cold. 
Transactions A. S. M. E., vol. xv, p. 454, paper No. °524. 
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pure mercury is used and when it is handled with skill, but mer- 
cury is a material which readily dissolves many other metals, and 
much of that sold in the arts will be found to have a specific grav- 
ity considerably less than that of pure mercury. The probability, 
then, of making errors with a mercury column is greater than 
with the use of standard weights supported on a rotating piston. 

Regarding the temperature of the cylinder walls, the writer is 
not fully satisfied that the matter is of the importance which Mr. 
Donkin seems inclined to eredit; that is, it seems to me that all 
heat interchanges of importance may be computed by methods 
similar to that employed in Hirn’s analysis, or by the use of the 
saturation curve rather more accurately than from the temperature 
of the walls. 

Various methods of determining the temperature of the cylinder 
walls have been investigated by a number of graduate students 
taking courses in Sibley College, in some cases with fairly satis- 
factory results. The following investigations have been conducted: 

Mr. W. W. Churchill, in 1889, attempted to determine the tem- 
perature of the cylinder walls by balancing the electrical resistance 
of two circuits, using a telephone to determine when the resistances 
were balanced. 

Mr. Robert Hale, in 1803, applied the method used by Professor 
Hall, of Cambridge, in which thermopiles were employed in the 
cylinder, the temperature being measured by a thermometer in an 
external vessel, so arranged that the temperature in the cylinder 
would equal that in the external vessel when a galvanometer in 
circuit registered zero, A similar arrangement seems to have been 
used by Eugene Peclét about 1860, and is described in vol. i. of 
Traite de la Chaleur. 

No practical results were obtained from either of these investi- 
In 1894 Mr. J. J. 
apparatus which should be connected to a thermopile in such a 


gations. McComber devised a photographic 
manner as to indicate the change of temperature by change in the 
Mr. E. T. Adams 
perfected this method, obtaining in one case the accompanying 
photograph, Fig. 203, of which the ordinates are proportional to the 
change in temperature, the abscissa to the travel of the piston.* 


electrical current produced by the thermopile. 


* Reproduced from page 446,vol. xvi., of the Transactions,where it appears as 
Fig. 139 of Paper 627, by John H. Barr, “* Experiments on a System of Governing 
by Compression,” 
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Although this method gave occasionally good results, it was 
found very difficult to construct a thermopile which would be elec- 
trically insulated and at the same time not be insulated against 
heat, and this difficulty seems almost impossible to overcome at 
the present time. 

Messrs. Barnes and Zimmerman, later Messrs. McGowan and 
Bentley, have used another method which has proved to be much 
more certain and practical in its nature. In these cases a con- 
stant current of electricity of small intensity was passed through 


Fic. 203. 4 


the metal the temperature of which it was desired to ascertain. 
The change in the electrical resistance due to change in tempera- 
ture was shown by photographing the motion of a galvanometer 
mirror. The results in these cases confirm the work done by 
Adams, and the apparatus seems to be stable and reliable. The — 
writer will try and present the results of these various investiga-— 
tions at a later meeting of the Society. 

Mr. H. I. Suplee.—\ think emphasis should be laid on the fact 
that an international system should be adopted, and that that 
should include not only England, but at least Germany and sucli 
other countries as would be willing to come in. I know that 
there is a very careful attempt now being made by the Society of 
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German Engineers to adopt a standard method of testing en- 
gines, and I think investigations have also been made in France, 
and it seems to me that if any committee is appointed for this 
purpose it should be international, just as the Committee on 
Standard Tests of Materials is international. I only offer that as 


a suggestion. 


Mr. Francis I]. Boyer.—Mr. Donkin’s paper refers to the 
necessity of taking account of the effect of the temperature of 
cylinder walls in testing engines. We have had some very fine 
_ papers on cylinder condensation recently, and I would refer par- 
ticularly to one by a junior member of the Society. By your 
permission I will use the board to make clear my point. 

ws 


540 feet piston speed per minute. 


an expansion curve starting off at cut-off and then a jog, and the 
curve is completed by another running down to the terminal 
point. I have often asked our makers why we do not produce 
as good variation cards with our American instruments as we 
can with the German ones. Their reply comes back that it isa 
defect in our instrument. I hold it is not. Let us consider the 
problem. 

At atmospheric pressure of the exhaust line we have a temper- 
ature of 212 degrees. At 80 pounds steam we have a temperature _ 
of 312 pounds per square inch. Now, as this steam has entered 

_ the eylinder and the pressure falls after cut-off, the temperature 
reduces in the same proportion, and the water which has been 
condensed upon the evlinder walls becomes revaporized to the 
extent of the range of temperature between 312 and whatever 


temperature it may come. That causes this increase in pressure. 
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You can take, for instance, 272 degrees at the centre here, which 
would represent a falling off of 40 degrees, and at this point this 
condensation which is on the walls of the cylinder bursts forth, 
due to the amount of heat which is in excess, and which passes 
from the heat held in the water to a vapor. Dr. Emery, if he 
were here, I am sure, would bear me out in this, because I think it 
Was some twenty years ago that he was called on by the Govern- 
ment to give a reason why it was not possible to heat water to an 
intense degree and let it burst into steam, the reason being, if I 
am correct, because there were not the heat units in the water 
sufficient to throw it into a hot vapor. Members who come from 
Boston may know about the attempt to put a heating system 
through Boston by hot water under pressure, and you know the 
terrible failure they had. Why was it?- They had water up to a 
pressure of 500 pounds per square inch, but there was too little 
energy in the heated water itself; it is in the latent heat of steam 
that we get so much of energy, and that heating power the hot 
water did not have. There was the defect. That same law holds 
good in our indicator tests. Now we find this phenomenon 
mostly in our cylinders on our rapid engines, and engines which 
have a great cylinder sweep. As I just said, we get hold of a 
good many instruments which don’t show that effect, and yet 
some of the German instruments will show it perfectly. I cannot 
explain it, but I would like to call the attention of the meeting to 
the fact. 

Mr. Bryan Donkin.*—I note with pleasure that the Council 
were authorized to appoint a committee to consider the question 
treated in these papers.t 


With regard to Professor Carpenter's interesting remarks, I 


quite agree with him that it would be very desirable to retain the 
old standards of pounds of water per horse-power and _boiler- 
power per horse-power, introducing at the same time the new and 
more accurate method of thermal units, as suggested. 


* Author’s closure, under the Rules. 
+The committee consisted of Messrs. Boyer, Barrus, Donkin, Jacobus, and 
Richmond. 
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SOME OF THE MECHANICAL FEATURES 
POWER DEVELOPMENT AT NIAGARA FALLS. 


bas BY DR. COLEMAN SELLERS, PHILADELPHIA, PA. 


(Member of the Society and Past President.) 


In addressing you as chief engineer of the Niagara Falls 
_ Power Company, in regard to some of the mechanic al features 
of the power development at Niagara Falls, I desire to make a 
brief statement concerning the organization of the company 
which has accomplished the work in question. It must be 
understood that the development thus far has been conducted 
by the Cataract Construction Company, the officers and direc- 
tors of which practically control the allied corporations includ- 
ing the Niagara Falls Power Company, and have appointed the 
engineering staff by which the operations of these several com- 
panies have been conducted. 

With confidence in the ultimate financial success of the project, 
the leading capitalists interested have patiently watched the prog- 
ress of the work, and some from the outset have individually 
taken a prominent and active part in the consideration of the 
technical questions involved, as viewed from the standpoint of 
sound business experience. At times, under the advice of its 
engineering staff, the Cataract Construction Company has pro- 
ceeded in direct opposition to the opinions of men prominent in 
the scientific world, after careful study of the questions pre- 
sented from a commercial as well as from an engineering stand- 
point, realizing, as the results have since justified, that it was 
necessary so to act from full conviction in a matter where there 
was so little established precedent to serve as a guide. 

The plan of utilizing the power of Niagara Falls as proposed 
by the late Thomas Evershed, while Chief Engineer of the State 
f New York, contemplated the construction of a tunnel under 
the town, which tunnel was to constitute a tail-race from the 


* Presented at the Mingedn Falls meeting ani 1998) of the American Society 
‘f Mechanical Engineers, and forming part of Volume xix. of the Transactions. 
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turbines or water wheels of factories to be located on land 
above the American Rapids, in contradistinction to the plan of 
placing the turbines and factories at the river below the Falls, 
and bringing the water to them by a long canal. The Evershed 
plan, while presenting great advantages, not only called for a 
large amount of capital, but the active influence of men of broad 
business experience, who possessed the confidence of leading 
financiers in this country and abroad. Mr. William B. Rankine 
and Mr. Francis Lynde Stetson were induced to take the matter 
up, and in 1889 sought the advice and codperation of Mr. 
Edward D. Adams, of New York, who subsequently was elected 
president of the Cataract Construction Company. 

These gentlemen, while appreciating the advantages offered 
by the Evershed plan, looked beyond the mere project of estab- 
lishing factories operated independently by their respective 
water wheels, to the possibility of generating power at a central 
point where it could be utilized in the immediate neighborhood, 
or transmitted to a distance, after the manner practised abroad, 
particularly in Switzerland, where several such plants were in 
operation. 

In 1890 Mr. Adams devised a plan whereby the Cataract Con- 
struction Company could become fully informed as to the then 
most approved methods of developing water power, and _ its 
transmission and utilization. Early in that year I was retained 
by the company as consulting engineer, and at Mr. Adams's 
request I joined him in London, where, through my membership 
in the Institution of Civil Engineers and our intimacy with 
scientists in England and on the Continent, Mr. Adams’s plan 
of organizing the International Niagara Falls Commission was 
perfected. The object of this commission was to obtain and 
consider plans submitted by engineers and engineering firms, 
for the generation of power, and the transmission of that power 
to Buffalo and to other accessible markets. The engineers thus 


invited to submit plans received compensation on account of, 
the expense involved, and had also an opportunity to a 


certain premiums if their plans proved deserving of such recog- 
nition. 

You are all probably aware, from what has already been 
made known on the subject, that the amount of valuable infor- 
mation thus obtained seems now quite limited as compared to 
what has since been discovered and adopted. There were, 


ig 
. 3 
_ 
‘ 
t 
- 
hy 


FEATURES OF THE POWER DEVELOPMENT AT NIAGARA FALLS. 841 — 


however, certain recommendations made, the most important of 
which determined the sizes of the units of power and the speed 
of the turbines. Five thousand horse-power for each unit of — 
power was proposed as conservative and safe, although previ- | 
ously there had never been any turbines made of greater capa- — 
city than one thousand horse-power. Two hundred and fifty 
revolutions per minute was decided upon as the speed most 
likely to be advantageous in generating electricity, and this was 
adopted in advance of any decision as to the electrical system 
to be used. The turbines, of which I will speak later, were 
ordered on this basis, and their construction well advanced long 
before the dynamos had been ordered which they were to drive, 
and prior to the adoption of the alternating current as the 
electric system to be employed. 

I am at liberty to say that although at the time of the meet- 
ing of the International Commission the consensus of opinion 
among electricians of note was decidedly in favor of the use of — 
the direct current for the transmission of power, yet Mr. Adams, 
almost immediately upon his return from Europe, parted with 
his interest in electrical companies, that he might feel, without 
bias, free to adopt whatever system might be found, upon a> 
careful investigation, to be the best for the ultimate success of _ 
the Niagara enterprise. Many of those who had invested | 
largely in this enterprise were pecuniarily interested in further- 
ing the construction of machinery for the direct current, yet 
Mr. Adams accepted the position of president of the Cataract 
Construction Company with the clear understanding with those 
interested with him in the undertaking, that he would be > 
upheld by them if, in his judgment, the alternating current 
should prove to be the best system for this particular case. 
Many able engineers, at home and abroad, submitted to the- 
commission ingenious and well-worked-out plans for the gener- 
ation of power and its transmission, yet the Westinghouse Elec- 
tric and Manufacturing Company, the makers of the dynamos_ 
now in use, refused to take part in the competition, feeling con- 
fident that any scheme presented in 1890 would not be such as_ 
they would be in position to offer three years later, by which 
time the Cataract Construction Company would have decided 
on the kind of current and the character of the machinery they 
would need to meet such demands as might be made to them for a ‘ 
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Before proceeding to describe some of the most interesting 
of the mechanical features of the machinery to which I shall 
mainly direct your attention, I must explain the advantage 
_ gained by the adoption of the tunnel tail-race. 

In regard to the tunnel proposed, the question has been re- 
peatedly asked, even quite recently, what particular advantage 
the Evershed scheme of a tunnel tail-race has over a surface 
canal leading to the deep gorge below the Falls, at which point 
a much greater head for the turbines can be obtained than is 
— now utilized on the land above the Falls. More than forty-five 
years ago a canal was built, which supplies water to factories 
which are situated on the high land bordering on the river below 
the Falls, by the shortest possible route obtainable through the 
city. This was on a right of way 100 feet wide (50 feet of which 
was made available in the first place). At the time that this 
canal was built the city was a mere village, and property had less 
value than at present. To develop the amount of power which is 
rendered available by the present tunnel, which avoids the sur- 
face of the ground and was obtainable without excessive cost for 
right of way, would require a surface canal of much more impos- 


ing dimensions than would at first appear to be necessary. 


Such a canal would have to be at least 300 feet wide, and from 
15 to 20 feet deep, and would pass through valuable improved 
and unimproved city lots; and, furthermore, upon reaching the 
gorge there would be no large area available for the erection of 
many buildings. 

The tunnel plan rendered available a large amount of rela- 
tively cheap unimproved land, which will give ample room for 
a great development of independent power plants; although, as 
a matter of fact, at the present time there is but one such, that 
of the Paper Company, which takes nominally about 7,200 horse- 
power in water from our canal and discharges into our tunnel. 

The tunnel of the Niagara Falls Power Company, in a direct 
line from the power house to the lower river, can be relied upon 
to carry away the water from the turbines at a speed of at least 
27 feet per second, and is sufficient in size to permit the utiliza- 
tion of 100,000 horse-power from wheels under 136 to 140 feet 
head. The details of the construction of the tunnel and of the 
canal which carries water to the wheels in the power house, as 
well as to the turbines in the great paper mill below the power 
house, have been already described by others. 
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As for the engineers engaged on the work, my own connection 
with the project began late in 1889, when I was asked to report 
on the practicability of transmitting power by electricity; and 
after visiting the location with Messrs. Adams, Stetson, and — 
Rankine I submitted a report on the cost of tunnel and canal. — 
I was then appointed consulting engineer and chairman of a 
board of engineers consisting of Albert H. Porter as resident 
engineer, Clemens Herschel as hydraulic engineer, George B. 
surbank, engaged in the same work as Mr. Porter, and John 
Bogart, then Chief Engineer of the State of New York, as con- 
sulting engineer. Col. Theodore Turrettini, Director of the 
Public Works of Geneva, Switzerland, was also a member of 
this board and the foreign consulting representative, having 
supervision of the work and designs that were made in Switzer- 
land by Messrs. Faesch & Piccard. W. A. Brackenridge, now 
resident engineer, was a division engineer for the Cataract Con- 
struction Company from April, 1891, to 1894 ; engineer in charge 
of work for Cataract Construction Company and associated 
companies from 1894 to 1898 ; and at the present time is engineer 
in charge of all construction work of the Cataract and asso- 
ciated companies, including the Niagara Falls Power Company, 
Niagara Development Company, Niagara Junction Railway Com- 
pany, and the Niagara Falls Waterworks Company, and under 
his supervision and to his plans the extension of the wheel-pit 
has been made. 

Mr. L. B. Stillwell, electrical director of the Cataract Con- 
struction Company and the Niagara Falls Power Company, 
has been for many years connected with the Westinghouse 
Electric and Manufacturing Company at Pittsburg, and as _ 
a member of the staff of that company has had charge of our > 
work from 1893 in the interest of the Westinghouse Com- 
pany. In 1890-91 he was in Europe studying the problem of 
electrical transmission of power, and is therefore an electrician 


each step in the whole progress of the work. Since he has had 
supervision of the power as electrical director he has devoted 
much attention to novel devices required by the establishments 
taking power from the company, and to the introduction of safe-_ 
guards against accidents of all kinds, not only to the electrical — 
machinery in the power house, but to the lines of distribution. 
The amount of energy handled has for a long time been unpre- 
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cedented, and as each new unit is added and the load increased 


on all the dynamos working in parallel, the opportunity to 


obtain data of great importance has increased. Long series of 


experiments have been conducted with existing circuit-breakers 
and fuses, new lines of thought have been presented to the 
makers of electrical machinery, which have suggested appli- 


ances to enable them to meet the requirements of the largest 
power plant in the world, and to sustain and improve its record 
of stability. 

It will be seen that the present engineering force has been 
educated up to the high requirements of an enterprise which is 
unique in more respects than mere size. As the plant has 
grown, as the output has increased, as new industries have 


— ealled for new conditions, the work has been one long and 


exhaustive study on the part of the engineering force, with an 
earnest endeavor on the part of each to contribute his share to 
the perfection of the whole system. 

While the tunnel was being excavated in 1890 I spent about 
nine months in Europe, until the termination of the duties 
of the Niagara Falls International Commission, returning to 
America early in 1891. 

In November, 1892, the work undertaken by the Cataract 
Construction Company had reached a point of completion when 
it was deemed feasible to disband the board of engineers, and it 
was then decided that the organization so known should go out 
of existence, January 1, 1893. I was retained as consulting 
engineer during the important period of installation of the tur- 
bines, dynamos, the erection of the power house, and the solv- 
ing of the mechanical problems connected therewith. Among 
matters requiring immediate attention, I may note the laying 
out of the power house for the architects, designing the sluice 
gates as part of the building, and determining the conditions re- 
quisite for an electric crane capable of handling 50 tons. In this 
‘ase we required a length of hoisting rope sufficient for the deep 
wheel-pit without coiling the rope more than one layer on the 
drum, and with a sufficient travel between side and end walls of the 
building to handle all the machinery to be erected. I name this 
one item among the many problems to be considered, as show- 
ing a principle which has been adhered to as far as possible. The 
conditions required for the crane were stated to crane-builders, 
and the order finally awarded to Messrs. William Sellers & Co., 
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Incorporated, of Philadelphia, who designed and built for us a 
50-ton crane, operated by one single electric motor, which has 
given entire satisfaction, and is an admirable example of the good 
result obtained by enlisting the best efforts of those skilled in 
any particular line of machine construction. The crane which 
has been so admirably adapted to the installation of our work is 
furnished with a separate rapid hoisting device for light loads, 
of sufficient length of hoist to reach the bottom of the wheel- 
pit, many feet below what is absolutely required for the installa- 
tion of the heavy machinery. The two separate hoisting systems 
are operated by the same motor and handled by the same 
levers, with the advantage that the light loads are lifted at very 
considerable velocity of hoist, as the whole power of the large 
motor is at such time utilized to advantage for this purpose. 

It has been the constant policy of the company to have its 


engineers, so far as possible, express the requirements of any 


machinery needed, and to ask builders of such machinery for 
designs which should fully meet the specification of requirements, — 
such machinery to be fully guaranteed by the makers, and > 
subject to the approval of the chief engineer. This has di- 
minished the risk and secured the best results from engineering 
establishments working under the supervision of the chief 
engineer, and embodying his ideas in the work required. 
There were, however, many things so different from ordinary | 
practice that special designs had to be made, but we have always _ 
been ready to modify the details to adapt the work to the shop 
practice and facilities of the maker who undertook to fill the 
order, in each case it being required that the builder should 
approve the design in accepting the order and to guarantee 
performance, workmanship, and material. In the case of the 
new turbines for the extension of the power, however, and 
already tested, the American makers guaranteed material and 
workmanship only, the principle having proved satisfactory. 
The necessity of combining a fly-wheel or its equivalent with 
turbines driving dynamos which require close regulation as to 
speed had, previous to what we have done, attracted little atten- 
tion in America, either from builders or users of water wheels 
or the makers of water-wheel governors. The weight of fly- 
wheels in connection with turbines of 5,000 horse-power making 
250 revolutions per minute had been considered by the members — 
of the commission at the meeting in London, January, 1891, 
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while discussing the various plans submitted to them. No 
wheel-builder in Europe had deemed it possible to find a 
dynamo design with sufficient fly-wheel effect from the speed 
and weight of the revolving parts of the dynamo alone. (In 
consulting my notes of the conference I find reference to a 
French engineer who says that in his judgment a turbine of 
12,000 horse-power directly connected by a vertical shaft to a 
dynamo involves no experimental features, as it may be com- 
pared to an engine of 12,000 horse-power in a steamship driving 
the propeller by means of a long line of shafting, and there 
would be less frictional resistance in the few journals of the 
turbines and dynamos than in the case of the propeller shaft.) 
Messrs. Faesch & Piccard, of Geneva, Switzerland, in presenting 
their first design to the Commission, insisted on the need of a 
fly-wheel, and gave their formula of weight and speed per 
horse-power over and above what might be had from dynamos 
of equivalent power, assuming that the revolving parts of such 
dynamos would not be sufficient, their statement being: “If it 
takes 20 seconds to close the aperture for the water, the fly- 
wheel must contain energy equal to 4 seconds’ work of the 
turbines ’—this relating to their own design of regulator. 

Fig. 208 shows a section of the turbine chamber and penstock 
with the first section of the hollow driving shaft and a fiy-wheel, 
14 feet in diameter, weighing about 20,000 pounds, which they _ 
prescribed in the design accepted by, the Cataract Construction 
Co. These fly-wheels were embodied in the order for the tur- 
bines before any decision had been reached as to the kind of 
dynamo or the nature of the current to be used. 

In diseussing the problem of the fly-wheel as proposed by 
Messrs. Faesch & Piccard with their engineer, Mr. Baumann, I 
found that he agreed with me as to the desirability of doing | 
away with a fly-wheel separate and distinct from the revolving | 
parts of the dynamo, yet acting in conjunction with these parts. _ 
I suggested the possibility of insisting upon dynamos, whether _ 
with revolving armatures or not, being so built as to combine — 
with the revolving parts of the dynamo a weighted mass or ring 
which would give the fly-wheel effect required, one idea Sin 
to make the armature core form part of the fly-wheel itself, the _ 
rim of the fly-wheel extending under and revolving beneath the — 
stationary field. This was before the use of the revolving field 
ring in the manner suggested by Professor Forbes, and Messrs. 
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I was authorized to countermand the separate fly-wheels. 
asking for bids for dynamos later I imposed uniform conditions: 


wht 


ag 
as part of the design which would be acceptable, namely, that the 
revolving parts of the dynamo should be so made that their 
weight computed as acting at a radius of gyration should be 
such that the product of this weight in pounds into the square 
of the velocity in feet per second should be not less than 
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1,100,000,000. Doing away with the fly-wheel necessitated an 
alteration in the lower section of the hollow shaft of the 
turbine, a steel casting being required to take the place of the 
hub of the fly-wheel as originally proposed. This important 
change, carried out in a far more perfect manner by the adop- 


tion of Professor Forbes’s revolving field outside of a stationary 
armature, has enabled the fly-wheel effect to be increased to a 
greater amount than required by the specification, with a very 
decided advantage in regulation of speed. 

The turbines we have in use, designed by Messrs. Faesch « 
Piccard, of Geneva, Switzerland, have proved so efficient that 
in the extension of the plant no change has been made in any 
essential part of the wheels themselves. The changes which I 
shall mention later, namely, as to the method of supporting the 
wheel chamber and the penstock, ete., are matters which have 
been carefully considered and approved by the original design- 


ers. Whatever I have to say to you in regard to the changes 
which had to be made with the first wheels, the use of Babbitt 
metal and the redesigning of the bearings must not be con- 
sidered as derogatory to the engineering ability displayed by 
the Swiss firm, as what they proposed had the warrant of 
common practice. In many respects, indeed, they ventured out 
of the usual line of practice, and their foresight has proved 
correct in some instances where their design and deviation from 
precedent might have been adversely criticised in the light of 
our then limited experience with large units of power. 

This, for instance, was eminently the case with the size of the 
penstock, which is 7 feet 6 inches in diameter for wheels 
5,000 horse-power, involving a velocity of fully 9 feet per second 
at full load, when common practice calls for 2} to 3 feet per 
second, as necessary to obtain the best results; but in this in- 
stance the necessity of supporting by steel beams so large a_ 
mass of water as would have been necessary to obtain the 
lower velocity, decided them to risk the theoretical sacrifice of 
one foot in head to increase the velocity from 2 feet to 9 feet, 
and so to form the penstock connections as to avoid interrupt-— 
ing the flow of the water by sharp bends. 

The length of the penstock i is in fact short as compared to its 
diameter ; its wet perimeter is short in proportion to the area 
of the pipe. At its upper end, where the water enters, the area 
is double that of the vertical section. Without being able to 
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results. Turbines estimated to yield 5,300 horse-power at full 
gate, at 75 per cent. efficiency, having delivered from the dynamos | 
5,400 estimated horse-power, we know that the real efficiency oO 
the wheels is in excess of 75 per cent. 

Babbitt metal and other anti-friction metals are 


in Europe as in this country. The specification issued by the 
Swiss engineering firm for the turbines and machinery called 
for bearings made of phosphor bronze. The Phosphor Bronze 
Company in Philadelphia were consulted as to the different grades 
of metal they made, and recommended a peculiar grade suitable 
for this case, presumably containing more or less lead. My ex- 
perience, however, has led me to place more reliance on the best 


grades of anti-friction metal, on a base or support of a proper 


quality of bronze, in case the anti-friction metal should give 
way and the shaft come in contact with the bronze: 

Figures 209 and 210 show a four-parted bearing with wedges 
back of the bearing blocks to set the bronze bearings up to the 
shaft adjusted by screws, as originally designed in Switzerland, 
and in accordance with the common practice of many able engi- 
neers. The adjustment in this manner of four separate brasses 
serves no good purpose in alignment. The wedges can only con- 
trol the contact with the shaft, and cannot be made to affect 
alignment, if the axis of the bearing as fixed in place does not 
coincide with the axis of the shaft which is supported by the 
bearing. Professor Forbes, who for a time was consulting elec- 
trical engineer for the company, in his early design of the dynamo 
with rotating field ring as now used, proposed four-parted bear- 
ings similar to those on the water-wheel shaft for the vertical shaft 
of the dynamo, for the sake of uniformity throughout the system. 
I objected to this design, as far as its mechanical features were 
concerned; a new design was made under my direction, to em- 
body Professor Forbes’ electrical system. We were fortunate in 
being able to secure as draughtsman the services of Mr. Bau- 
mann, the engineer of Faesch & Piccard, who was in this country 
superintending the construction and erection of the hydraulic 
machinery of practically his design. He is an excellent draughts- 
man, a capable engineer, quick to appreciate the arguments 
advanced as to the desirability of having a continuous metallic 
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Plan 
INTERMEDIATE BEARING 
AS DESIGNED ey & Piccard 


INTERMEDIATE BEARING 


COLEMAN SELLERS AS DESIGNED BY FAESCH & PICCARD 


Fie. 210. 


Vertical Section 


surface in the case of the dynamo bearings, which bearings 
.must be of such a character as to be able to support the revolv- 
ing shaft no matter in what direction the pressure may fall upon 
the bearings. Anticipating trouble with the water-wheel shaft 


=. - 
© | Nod — 
ony 
© iD) x 
= | 
| 


me 


FEATURES OF THE POWER DEVELOPMENT AT NIAGARA FALLS. 851 


bearings, I designed a set of bearings and had them made simi- 
lar to those of my design already in successful operation on the 
dynamo. 


worthy of your careful attention. That you may understand the 
case more readily, I may say that the vertical shaft connecting 
the turbines to the dynamo is formed of steel tubes 38 inches 
external diameter, made in all respects similar to the tubes of | 
furnaces of marine enginés (see Fig. 211). As these tubes could — 
not be obtained of sufficient length, a number of them were 
coupled together by flanges made of rolled steel angles to make 
the length required, there being two intermediate bearings only 
between the upper solid shaft coupled to the dynamo and the 
solid shaft in the wheel case. Spindles of steel 11 inches in 


diameter were introduced at the bearings where such support 
was required. By this means the shaft was made light, and the 
bearings reduced to a minimum in number. In the wheel case 
proper there are two oiled bearings on asolidshaft. Immediately 
below the dynamo there is a thrust bearing fitted to ten rings 

on this section of shaft, and between the thrust bearing and the . 
wheel case are the two intermediate bearings which steady the — . 


vertical shaft, and it is to these two bearings that I first call 
your attention. 

The lubrication of the four-part bearing as shown by Fig. 210 
was to have been effected by means of oil contained in an annular | 
dish bolted to the upper end of the coupling of the hollow shaft | 
below each bearing. Into this dish, which revolves with the 
shaft, a pipe was made to dip with a scoop end so arranged that — 
in the rapid revolution of the shaft the oil carried around by 
the dish would come in contact with the scoop end, and be thus 
forced vertically to the upper end of the bearing and pour down — 7 
through the bearing, the operation being similar to the present 
method of taking the water supply from stationary troughs be- 
tween the rails by express trains, only in this case the scoop 
would remain stationary and the oil would be presented to it at 
a velocity of about 22 miles per hour. This arrangement was 
abandoned, and stuffing boxes were placed below each bearing, 
in order that the bearing might be filled with oil, and the shaft 
revolve in a bath of the lubricant. It was soon demonstrated 
that the shaft 11 inches in diameter, running at the rate of 250— 


revolutions per minute, with oil of the’proper degree of viscosity, © 7 


vo 


| 


ou 


522% 


i) 


Te 


water Lever aol re 


Fig. 211.—GENERAL ELEVATION. Farscu & PiccARD DEsIen., 


was rapidly heated owing to the motion of the shaft only, pre-— 


cisely as in the case of Joule’s experiments in determining the _ 
mechanical equivalent of heat. After weeks of trial and no end | 


of careful work to scrape the bearings to a good fit on the shaft 
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FOR 
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‘'t was found impossible to keep the machinery up to speed 
ithout cutting, while the bearings in the dynamo, to which I 
‘ave already alluded, having shafts nearly two inches larger in 


liameter than the turbine shaft, ran perfectly cool and in a satis- 
‘actory manner. It was decided then to take out the four-parted 
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box and put in a bearing similar to that shown on Fig. 212, which 
you will observe is simple in construction, the bearing being in 
two parts, made conical on the outside, the joints being practi- 
eally oil tight when forced down by an upper flange to secure a 
firm anti-friction lining. These half-boxes are lined with Babbitt 
metal throughout their entire length, and provided with diagonal 
grooves for the distribution of the oil; the grooves extend 
to within $ inch of the top and bottom of each bearing. The 
oil brought under pressure to each half of the bearing encircles 
the shaft and escapes top and bottom into oil catchers, from 
whence it flows to a receiving tank at the bottom of the wheel- 
pit, to be again elevated to the distributing tanks at the upper 
part of the power house. No oil is used a second time until it 
has passed through the proper filtering devices to render it fit 
for use. Bearings arranged in this manner have been running 
since 1895, and apparently show no wear whatever. They keep 


quite cool. 

The thrust bearings which I now show you, Fig. 213, as origi- 
nally designed have their four-parted bronze liners bolted to 
place. Each bearing so formed is bored out to fit the rings on 
the shaft with great accuracy. These bearings had to be faced 
with anti-friction metal before they could be prevented from cut- 
ting. They have since then worked well. In case of accident, 
one complete bearing case and liners are kept on hand so as to 
relieve such a bearing ; it needs to be sent to the machine shop 
to be relined and rebored to fit the shaft from which it has been 
taken. In designing this bearing for the fourth and succeeding 
turbines as now running, I modified this part as shown in Fig. 214, 


diminishing the number of rings but increasing their strength 
and bearing surface, applying the anti-friction metal in such 
manner that the shaft is held in alignment by the shaft proper 
at the bottom of the steel rings, and not by the circumference 
of those rings. This bearing has each separate bronze block face 
with white metal-lined segments, so made that when detached 
from the blocks to which they are secured they can be reline 
with Babbitt and dressed to a template in any ordinary lathe 
: This makes the parts interchangeable, and greatly diminishes 
the cost of repairs. 

I will now call your attention to a very interesting experienc: 
with the oiled bearings in the wheel-case. An attractive featur: 
of the Faesch & Piccard design of the turbines is that thei 
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THRUST BEARING 


AS DESIGNED FAESCH & PICCARD abt 


THRUST BEARING OF No. 1, 2 AND 3 T 


COLEMAN SELLERS 
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wheel-case bearings are excluded from all chance of water mix- 
ing with the oil. I have been asked by turbine makers why 


water of the Niagara River is not always free from mud; at 
times it is very turbid. The great size of the units adopted, the 
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THRUST BEARING 
As moviriep By Dr. SELLERS 


FO 
THE CATARACT CONSTRUCTION COMPANY, 


THRUST BcARINGS OF NEW TURBINES. 
Fig, 214. 

diameter of the shafts and their high surface speed, call for 
good lubrication, and exclusion of all abrading matter. Fig. 215 
shows the bearings as designed for the upper bearing in the 
wheel-case. You will observe that the bronze bushing in this 
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case is made in halves and not four-parted ; the outside of the 
bronze is in steps, each one from the top down being less in 
diameter than the one above it—this to facilitate removal. 
There are air spaces shown between each two steps. Bearings 
thus made not only cut badly, but showed an expansion of the 
metal into the air spaces. The flood of water outside these 
_ bearings did not prevent the heat-rise mentioned. The air 
spaces were then filled up with type metal, and the bronze bush- 
ing lined with Babbitt metal. Since the n there has been no wear 
and they have run cool. 


AS DESIGNED fy 
FaescH & PICCARD 


Upper TURBINE 


couguan 
Fig. 215 

In redesigning the wheel-case, as I will presently show you, I 
made the bushings conical on the outside (see Fig. 216), to give 
metal contact to conduct away all the heat from friction. The 
wheel-case bearings being oiled by drop oilers, there was no pro- 
vision to catch the oil and return it for re-use. (See Fig. 217.) I 
have since arranged an oil dish to catch the oil thrown from the 
lower bearing by the protruding shaft, the oil being thrown into 
a well, from which it can be raised by a small pump, one of the 
three large bolts which support the bottom of the wheel-case being 
bored throughout its length and fitted with a check valve at its 
lower end, where it dips into the oil well. A small pump driven 
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by water near each turbine lifts the oil to the common reservoir 
for all the bearings. This permits one quality of oil to be used 
throughout the whole system. My design of bearing for these 
vertical shafts permits the free use of a pure mineral oil, dis- 
tributed freely for lubricating and cooling, thus reducing the 
friction to a minimum. The Faesch & Piceard design of turbine 
and vertical shaft had a great advantage in regard to low fric. 
tional resistance, the changes made by me in detail being in the 
direction of simplicity in the parts, and were the utilization of 
my half a century’s experience in constructing shafting and 
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OR 


THe CaTraract CONSTRUCTION 
Company. 


TurBINE BEARING 
COLEMAN SELLERS 


Fia. 216. 


machinery in special reference to bearings for journals subject 

to great pressure or high speed. When but twenty-two years 

+ ‘old I had my first experience with a step bearing for a vertical 
shaft of a counter fly-wheel in a rolling mill, designed by one 
of my brothers, when a speed of 100 revolutions and a weight 
of not more th n ten tons served to weld a steel spindle step 
to a steel ser; plate five inches diameter, when step and seat 
were floode . with cold water. Now we are dealing success- 
fully with « weight of 160,000 pounds, or eighty tons, at a rotat- 
ing spee”. of 250 revolutions per minute. 

a The friction of all the parts of the vertical shaft, including the 
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bearing in the dynamo and all the revolving parts, is so slight 
that when the ring gates which regulate the speed of the turbines 
are entirely closed, and no water can escape from the wheels 
except what leaks through the slight opening between the gates 
and the wheel, the rotation of the machinery continues at about 
forty revolutions per minute after the load is thrown off; and 
therefore, in stopping we are obliged to continue the load until 
the speed is reduced sufliciently to apply a pneumatic brake, 


SECTION OF LOWER TURBINE, ETC. 
SHOWING IMPROVED FORM OF BEARING AND OIL RECOVERING DEVICE, 


Desicneo By Dr. CoLeman SELLERS, FOR THE CATARACT CONSTRUCTION COMPANY 
COLEMAN SELLERS 
Fia. 217. 


which finally arrests the motion and prevents revolution until 
the main sluice gates can be closed and the water run out of the 
penstock. 


The three turbines which have been in constant operation since 
1895 are supported by heavy steel beams crossing the wheel- 
pit where the brick side walls narrow the pit to a width of six- 
teen feet. These beams, six feet deep, were designed to span a 
width of twenty feet in the clear; they have fixed end supports, 
as they not only rest on and are built into walls over two feet 
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Fig. 218.—PARTIAL LONGITUDINAL SECTION OF THE PowrER HovseE AND 
WHEEL-PIT. 


solid at that point, the greatest care being taken to secure the 
beams. Figs. 218 and 219 show the arrangement of the beams to 
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Fig. 219.—Cross SECTION oF Power H]ouSE AND WHEEL-PIT. 


support the wheel-case ‘and the penstock of wheels 1, 2, and 
8. Fig. 220 shows the change I have made in the mode of 
supporting the wheel-case of all the wheels that are being erected 
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THE CATARACT ConsTRUCTION COMPANY. 
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Brick 


Fic. 220. 


in the extension of the pit. This illustration shows the brick — 
lining, and the stone sides of the pit as cut out by means of 
channeling machines 

In executing this part of the work, Mr. Brackenridge has exer- 
cised the utmost care to establish drains between the brick 
walls and the rock by vertical wooden troughs or boxes with 
lateral horizontal hollow brick drains at stated intervals in the 
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wall, to insure a free passage for the rock water to escape into 
the tail race, and to keep the pit dry after these walls shall have 
been carried to the top. You will observe that I have done 
away with the steel beams shown in Figs. 218 and 219, and sup- 
port the wheel-case, as also the penstock, by brackets projecting 
from each side of the main casting to such width as to receive 
abundant support on heavy iron castings built into the walls 
and into the rock back of the walls. These castings rest on 
huge granite blocks, supported in turn by the brick walls racked 
out to carry them. Steel wedges are driven in between the 
ends of the base of the brackets and the castings, set in the 
walls so as to put the lower member of the brackets under 
slight compression and to insure an even distribution of the 
weight over the whole surface of the granite blocks. An iron 
grated floor is placed below each lower turbine, so that workmen 
‘an get at the wheel without being restricted by any beams, such 
as are used to support the first three wheels and penstocks. 
Turbines Nos. 1, 2, and 3 are regulated in speed by the well- 
known relay governor of Messrs. Faesch & Piccard, having the 
gearing Which moves the ring gates operated by clutches put in 
motion by changes of speed, the rise or fall of the governor 
balls letting one or another pawl act on a ratchet wheel to give 
motion through the clutches and gearing to a heavy rack con- 
nected by a rod to a lever on the beams which support the thrust- 
bearing deck. This lever carries a weight of several thousand 
pounds adjustable on one end so as to balance the weight of the 
ring gates, which when shut prevent the escape of water from 
the turbines except what leaks past the ring gate top and bot- 
tom, the space between the inside of these rings and the outside 
of turbine runners being not quite ,, of an inch. The ring 
gates of Nos. 1, 2, and 3 turbines open by moving downwards 
and close by the opposite motion, the consequence being that 
as each turbine is divided by partitions into three sections, the 
lower section of both wheels is not opened for escape of water 
except at full load. Any small stones passing down with the 
water and being washed through the distributor are not able to 
escape from the buckets, and are liable to collect and grind 
against the ring, or might accumulate and chip the blades of the 
distributor or wheel. Due precautions have been taken to pre- 
vent the stones getting into the wheels, and no trouble has 
resulted from this cause. The advantage of opening the gate 
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downwards lies in the fact that it is safer to allow the gates to 
fall open suddenly in case of accident to the connecting rods 
than to fall shut, as in the latter event a too sudden interrup- 
tion of the velocity of the escaping water would create a force 
upwards far greater than 160,000 pounds, and might destroy the 
machinery. The new wheels have been altered to make the 
gate open upwards; Ist, to permit the escape of accumulated 
matter from the lowest section of the bottom wheel, and also to 
prevent the upward escape of the water with violence against 
the turbine deck, which occurs when the motion of opening 
is downward. To make the machinery safe from accident 
incident to breakage of the connecting rods and a too sudden 
closing of the gate, a dash-pot is provided to the lower lever 
which controls the gate motion, the dash-pot offering resistance 
only when the speed of closing is greater than twenty inches 
motion in six seconds of time. Understanding this, you will 
appreciate the seeming difference of the rack movement of No. 
3 and No. 4 wheels, as the latter is closed when the rack is at 
the top of its stroke, while the racks of Nos. 1, 2, and 3 are 
closed when the rack is at the bottom of the stroke, 3 inches 
motion of each in either case causing 1 inch of gate movement. 
A careful study of the action of the governors in use since 
1895 has led to the adoption of some changes in the governing 
machinery, which I cannot dwell upon at this time, but which 
will, it is expected, improve regulation and diminish risk 
of accident from sudden stoppage of the exciting current from 
any cause whatever. My aim has been to interest the best 
talent of our engineering force in suggesting changes which will 
diminish the risk due to the personal equation of the attend- 
ants and to place some essential actions of the governor under — 
the control of the men on the operating platform, so that any 
action of the electrician in charge which would under ordinary 
conditions require the attendant on the power-house floor to act _ 
in conjunction with the electrician will be done away with and— 
the electrician’s action will anticipate the change of speed of — 
the turbines incident to the causes not under the control of the 
attendants on the floor, but always incident to the action of 
the men on the platform, or to meet the effect of accidental 
short-cireuiting at or near the power house. 

After running three turbines since 1895, arrangements were 


made to increase the power plant. In extending the wheel-pit 
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for the reception of five additional turbines and dynamos to the 
three originally installed, a space has been reserved between 
Nos. 5 and 6 units for the installation of four turbines of 200 
horse-power each, to drive four direct current dynamos. These 
are located symmetrically about an ornamental structure over 
the hoistway of an hydraulic passenger elevator. These dyna- 
mos are to furnish direct current of required voltage, one of each 
to feed the field magnets of five of the large dynamos ; others to 
furnish power to the travelling crane, the sluice-gate motors, to 
operate are lights, and to do any work requiring direct current, 
without resorting to reconversion of the alternating current into 
direct current by rotary transformers. These direct current 
dynamos, as I have said, being used one for each group of five 
large units, will insure more steady regulation of the current 
delivered than is possible when they are made self-exciting 
through rotary transformers, as in that case the feeding current 
varies with the changes in the alternating current due to change 
in load, the effect being as the square of the difference. Until 
the wheel-pit had been extended these separate exciting wheels 
were not practicable for want of room in the wheel-pit. ‘Their 
installation, however, is in accordance with our original inten- 
tion. The turbines selected were furnished by the 8S. Morgan 
Smith Co., of York, Pa.; the dynamos, of 125 kilowatts e apa 
city, by the Westinghouse E. & M. Co., of Pittsburg, their 
design being in keeping with their other work in the power 
house. 

In my enforced brief description of the dynamos which form 
the important part of the largest power plant in the world, | 
have been obliged to use for illustration of my subject pictures 
taken from the drawings used in constructing the three machines 
you saw in operation, which have been doing remarkably well 
since they were started in 1895. Five new dynamos at the time 
of this meeting have their several parts separate and in various 
stages of erection on the power-house floor. I can now use for 
illustration the pictures taken from the new machines. The 
changes which have been made in the design since the first ma- 
chines were built would be perhaps unnoticed unless your 
attention was called to them. An important feature of the 
original design as made under my direction is in the character 
of the bearings suppor ted in the spider frame ( Fig. 221) which is 
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centre d by the cast-1 -iron support for the armature core (Fig. 225). 
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This feature of the design permits the stationary armature, 
supported by the bed plate of the machine, to be left intact 
with all its electrical attachments, while the field ring with its— 
magnets can be lifted off, and the spider frame (Fig. 221) taken — 
out, so as to leave a clear space of not less than five feet in 
diameter. Through this space the hoisting ropes from the 
travelling crane can be passed to remove or adjust any parts of 
the turbine machinery directly below the dynamo. The various 
parts of each dynamo have been made accessible for repairs 
with ease and without dismantling the machine. Thus any 
field magnet and its bobbin or exciting coil (see Fig. 223) can 
be taken out without lifting the field ring from its place. The 


Fre. 221.—Sme View OF CastTING Fie. 222.— Exp VIEW OF THE 
CARRYING SPIDER FOR BEARINGS. CASTING. 


bearing brasses, lined with Babbitt metal (see Fig. 225), can be 
each taken out or adjusted when required with the greatest 
ease. The cast steel driver (Fig. 226) which carries the field 
ring at its outer edge, has, in the new machines, openings pro- 
vided for the escape of air, these air spaces being provided 
with an adjustable cover that enables them to be regulated as 
to size. 
The first three dynamos developed more heat than desirable. 

To reduce the temperature I suggested water jackets inside. 
of the armature core. This application of water was ens l 


successful. In the new machines a few changes were made in 


the ventilating spaces in the armature core, and passages for 
water circulation have been provided for in the cast iron frame 
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that carries the armature core (see Fig. 227). The Westing- 


house E. & M. Co., in redesigning the dynamos with the knowl- 
edge obtained from the first machines, have so improved the de- 
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Fig. 223. 


sign as to diminish the copper and iron losses so as to keep 
the temperature down to the requirements of the specification 


without the use of the water as provided. With water, at full 
load, the temperature rise can be kept down to 40 degrees 
Cent. 
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~_-very full description of the first dynamos of 5,000 horse-power, 
as published in Cassier’s Magazine of July 5, 1895. In the same 
number of Cassier’s Magazine will be found descriptive papers by 
the engineers engaged on the work executed previous to 1895, 
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Fie. 225.—DETAILS OF ARMATURE BEARINGS. 
as, for instance, the details of the construction of the tunnel tail- 
race by Mr. Albert H. Porter and by Mr. George B. Burbank, and 
it remains for me to speak of the stability of the work as exe- 
cuted. The tunnel was to have been a rock excavation without 


lining of any kind. A lining of some kind was, nowever, found 

to be essential. The Board of Engineers decided upon brick as 
7 most suitable, the brick to be of the best quality hard burned, the 
-s surface layers of the invert, and about seven courses of the side 


walls rising from the invert on each side, to be of a very good 
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quality of vitrified brick. About that time Mr. John Bogart 
presented to the Board of Engineers brick taken from sewers in 
New York City which had been in use about seven years. These 
bricks, set in the invert of the sewers, had worn away to the 
extent of fully 25 per cent. from tneir original size as set; on 
edge, the worn surface presented a convex surface, the wear 
being greatest at the joints on each side. Assuming the wear 
to be from sand carried by the water, the sewer having an in- 
cline of 7 feet per 1,000 feet, about the same as the hydraulic 
slope of the Niagara Falls tunnel, 1 felt the need of some test 


as to the durability of the brick to be used, and decided to try. 
the sand blast for this purpose. Testing glass under a dis- 
charge of a fixed quantity of sand of uniform quality driven by 
an air blast of five pounds to the square inch with specimens 
placed }-inch from the discharge nozzle, I found that at each 
of, say, four trials a depression was cut in the glass; the quan- 
tity of glass removed at each trial was so uniform in bulk that 
my most delicate balance used for chemical analysis failed to 
detect an appreciable difference in weight in each specimen. 
Applying the same test to various materials used in our strue- 
tural work, I established the fact that when the material was 
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uniform in composition, as in the case of samples made up of 
neat cement, hard-burned brick, marble, and some limestones, 
the same uniformity was observable. With briquettes of cement 
and sand the variation is increased by the possible loosening of 
more or less grains of sand from the bond of cement, but in the 
worst cases an average of four blasts applied to each specimen 
held well for many samples of the same material. 

After numerous trials I was able to tabulate results which gave 
an excellent idea as to the utility of each substance used to 
stand abrasive action of sand carried by the water. When I 
came to apply the sand-blast test to the vitrified brick used in 
the invert, I was agreeably surprised to find that in no case did 
asand blast which was sufficient to make a very marked deforma- 
tion of the surface of ordinary glass, such as is used for mount- 
ing specimens for the microscope or on granite, or hard-burned 
red brick, or Queenstown limestone, ete., make the slightest 
impression on the smooth surface of the vitrified brick. In 
point of fact, the pellets of sand rebounded, acting precisely like 
a hardened steel ball {-inch diameter, dropped from a height 
of, say, two feet, on to the polished surface of a hardened steel 
anvil. In the ease of the ball and anvil, T have found that if 
the surface of the anvil be coated with a minute quantity of 
rouge in fine oil, wiped off to leave a slightly dulled surface to 
receive the impact of the ball, each blow followed by a high re- 


bound, the result will be a well-defined circular space, perhaps 


a;-inch diameter, in the centre of which is a bright spot show- 
ing the unsoiled surface of the polished steel; all these marks 
are superficial, and can be removed when the surface is cleaned. 
This goes to show that the steel ball and the steel surface have 
yielded within this limit of elasticity ; hence the rebound to so 
nearly up to the point from which the ball fell is due to the 
perfect elusticity of the steel, and cannot be reconciled with 
any destruction or permanent deformation of the surface. This 
same result is obtained when globules of sand are driven 
against the polished hard surface of the vitrified brick. The 
desirability of the brick established in this manner was suffi- 
cient to assure me of the correctness of judgment of the engi- 
neers who had selected the brick. 

With this prelude I wish to call your attention to the fact 
that the most recent examination of the invert of the tunnel has 
shown that no deterioration has taken place ; and the same may 
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be said of the bricks forming the side walls. There has been 
deposited upon the bricks a thin layer of slime, in which coat- 
ing can be found abundant animal life of the lowest order, small 
worms and the like. This slime acts as a protective varnish, 
and we feel assured as to the stability of the brick lining. Had 
the tunnel been used as a common sewer to receive the dis- 
charge from chemical works, the vegetable and animal life now 
aiding in the preservation of the walls might have been killed, 
and the surface exposed to what little abrasive matter is carried - 
by the almost clear water of the Niagara River. 

As involving an important question in mechanical engineering, 
IT am able to tell you some interesting facts about the forging of 
the steel field rings which perform so important a function in the 
5,000 horse-power dynamo. These rings of nickel steel were the 
first work done by the great forging press constructed for the 
Bethlehem Iron Company, under the patents of Sir Joseph 
Whitworth for forging by compression from steel ingots, which 
in their turn had been submitted to pressure while the metal 
was still in a fluid state. The new field rings weighed when 
finished 28,840 pounds each, and were made from ingots weigh- 
ing from 116,000 to 118,000 pounds each. Our fellow member, 
Mr. H. F. J. Porter, kindly loaned me the slides for use on this 
oceasion. 

If this great press had not been built, the dynamos us designed 
could not have been built. By a strange coincidence the size 
adopted for the field ring was up to the full capacity of the press, 
and to the utmost capacity of the furnaces built to heat the 
ingots. 

The three rings made for the first machines were somewhat 
lighter than those made for the five dynamos now in process of 
erection. To put more metal in the last ring, I decided to use 
hollow oil-tempered steel shafts for the turbines and dynamos 
in place of solid steel shafts made for Nos. 1, 2, and 3 units of 
power. This weight saved in the shafts, added to that of some 
castings dispensed with, enabled me to name a greater weight 
of ring in the new specification, so that the heads of the bolts 
securing the magnets to the ring could be countersunk, thus 
diminishing the windage at high speed. Fig. 228 shows the press 
used in forging ; Fig. 229, the hydraulic press in which the fluid 
steel is compressed while cooling to compact the steel and 
diminish the piping of the metal. The ingots were cast heavy 
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enough to make three rings from one ingot after the sinking 


head of the ingot had been cut off. Through the solid ingots a 
large hole was bored for the mandrel upon which the ring was 


to be expanded. The process of forging consists of successive 
expansions and upsetting of the ring, until the proper dimen- 
sious as to outside and inside diameter as well as of width of 
ring have been obtained to allow for rough tooling to the speci- 
fied dimensions. 

In expanding the ring the mandrel forms the lower die or 


Fia. 230.—LADLES FOR PoURING THE INGOTS 


anvil; the mandrel being blocked up on either side of the ring, a 
powerful ratchet device causes the mandrel to rotate between 

= the compressions. This process is illustrated in Fig. 236. 
Fig. 230 shows the ladles used in pouring the ingots; Fig. | 


231, an ingot with 16-inch holes as drilled to admit the man- 
drel. Fig. 232 is a field ring partially expanded. Fig. 233 shows 
the finished forging of the field ring. Fig. 234 shows a hollow 
ingot being drawn out into a hollow shaft; Fig. 235, the ex- 
tended shaft which, after being turned, is annealed and then 


_oil-tempered to increase its strength and limit of elasticity. 
a 


q 


Fig. 231.—INGor 16-1NCH CENTRAL HoLe As DRILLED 
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The steel used in the field rings, when tested for its magnetic 
properties, was shown to be better fitted for great load than 
pure iron, such as Lowmoor iron, at the part of the curve at 
which the excitation is most constant. 

You will see when you visit the power house a brick structure 
called the switchboard. The top carries a platform from 
which a skilled attendant has command of the dynamos. The 
switches, new in design, are really placed in the brick chamber 
below the platform as well as the heavy bus-bars which receive q 


and transmit the current from the dynamos. It is only thin 
threads of electricity, as it were, which proceed from the bus-bars 
and from other parts of the electrical machinery to the instru- 
ments of precision which are mounted upon the platform. There 
is no real switchboard upon this platform. There are cabinets, 
each of which is devoted to a different purpose, according to the 
work it has to do; some cabinets controlling the exciting cur- 
rent, others controlling a dynamo. There are other cabinets 


which control the output of the plant, indicating to which par- 
ticular establishment the current proceeds—whether to Buffalo 
or to the manufactories near by. All of these cabinets are 
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fitted with instruments or attachments which have been designed 
especially for the peculiar work which is to be done by the 
- Niagara Falls Power Company. 

The greatest talent of the technical forees of electrical com- 
panies—and particularly of the Westinghouse Electric and 
Manufacturing Company in this case—has been exerted to per- 


Fic. 232.—FreLtp Rine, as PARTIALLY ExPpANDED 


fect this wonderful aggregation of devices which form the so-called _ 
switchboard. This platform is to the work in general precisely — 
what the bridge or conning tower is to the ocean steamers or to 
the great fighting machines which constitute our navy. It is from 
the bridge or conning tower that the warship is worked or the 
passenger steamer directed in its course, and so it is from this | 
platform that the operation of the power house is conducted. 
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The sluice gates admitting the water to the penstocks of each 


wheel have never been deseribed in any published paper. As 


there were no gates obtainable of a design which seemed suitable 


Fig. 233.—FreL_p 
for this purpose, I recommended the adoption of the Stoney 
sluice plan as in use in Great Britain, and in some of the large 
works in Europe. The gates are made of steel, the waterway 
being 14 feet wide and 12 feet deep. These gates are operated 
by screws engaging into bronze nuts attached to the gate so that 


— 
fe 
4 
6 ¢ 


876 FEATURES OF THE POWER DEVELOPMENT AT NIAGARA FALLS. 


the screws remain stationary in a vertical position, and the nuts 
rise and fall with the rotation of the screws. They are so geared 
as to be readily operated by hand, though in practice the gear- 


ing is driven by an electric motor of about 8 horse-power. The 
Stoney sluice gate, as you may remember, is provided with a set 
of rollers between the gate and the guide in which the gate works. 
These rollers are in a frame hung in loops of chains, one end of 
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the loop being attached to the moving gate and the other to the 
stationary framework, so that as the gate rises the rollers move 
at half the speed of the gate, while the water is prevented from 
leaking past the gate by strips of rubber which act as packing. 
The gates have been quite successful, and with the full pressure 
of 12 feet of water upon them, one man can raise the gate with 
comparative ease. 


The output of the Niagara power plant for the month ending — 


March 31, 1898, was 6,391,000 kilowatt hours. This exceeds 


the total output of the largest electric plant in Great Britain 
during the year 1896. In a recent statistical paper read before 
the British Institution of Electrical Engineers it is shown that 
the total output of eighty-three of the principal electricity supply 


companies in Great Britain for the year 1896 was something } 


less than 47,000,000 units. At its present rate of working the 
Niagara plant in one year exceeds this aggregate by more than 
50 per cent. 

As to the work that is being done through the output of 
the dynamos in operation, the great advantage of an alternate 
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current of low frequency is manifested by the character of the 
various kinds of energy called into play. 
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In making the new mineral carborundum, as in converting 
coke into graphite, the alternating current yields heat energy. 
So also in making carbide of calcium, while for the production | 
of caustic soda and the making of bleaching powder as a by-prod- 
uct from the caustic soda, electrolytic energy is required alone. 


To extract the metal sodium from caustic soda—both heat energy 
and electrolytic energy are required; so also in extracting the 
metal aluminum from the ore of alumina, heat and electrolytic 
energy require direct current. All these many factories and — 
others not named can be served with the electric current in its | 
best form, while in street railroads, incandescent and are light- 
ing, and motors of all kinds, direct current or alternating cur- 
rent can be supplied as required. 

The Cataract Construction Company in this work aimed to 
utilize the latest achievements in all parts of the world. They 
had studied the various modes of power utilization which had 
already been tried. They were familiar with the wire-rope trans- 
mission of Switzerland ; the high-pressure water service in Lon-— 
don, where steam engines and accumulators create the pressure ; 
the high-pressure water power of Geneva, where elevated res- 
ervoirs are used; the compressed-air system of Paris, France, 
und the compressed-air system, also, in Birmingham, England. 
Direct current electricity in various places had been used for 
transmitting power on a small scale, but the Cataract Construc- 
tion Company adopted the alternating current of low frequency, 
when there was no example in practice to guide them. 

As for the size of unit adopted, it is true that in 1890 Faranti 
was designing engines of 10,C00 horse-power, with the expecta- 
tion of driving dynamos of 10,000 horse-power each to use the 
alternating current of high frequency, the object being to furnish 
electricity for lighting purposes. These large machines have 
never been finished, and work done in 1890 and 1891 has been 
discarded. 


I was sent to Rome in 1890 to study the water-power plant of. 
the Anglo-Roman Company, then being constructed under the 
direction of Dr. J. Mengarini, where it was proposed to supple- 


ment the electrical power generated by steam engines, the steam 

being created by coke. This coke was the refuse of their gas-— 

works, but to extend their output beyond the capacity of their — 

coke production, they went to Tivoli for a water power, more — it q 


than 27 miles away from Rome, were a water-driven plant was 
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erected to transmit the electricity to Rome at a high potential 
and a single phase. The frequency in this case was 42 full 
periods per second, the lowest which had then been used and 
the lowest that could be used to advantage in are lighting. 

In 1892-93 the Westinghouse Company exhibited at Pittsburg 
a well-worked-out scheme of alternating bi-phase current of 33 
full alternations per second, and that company has built the 
dynamos for the Cataract Construction Company now in use, 
with only 25 full alternations per second, guaranteeing their 
high efficiency in every way. 

I regret that I find so much to say in so short a time, and fear 
I have overtaxed your patience, but thank you for your kind 
attention to my effort to interest you in what has filled my mind 
for the past eight years. Before leaving you, I will ask you to 
note when you visit the power house the arrangement of rack 
recently erected in the canal on the designs of Mr. Brackenridge. 
By erecting a continuous rack well out in the stream, with 
removable sections, the question of clear waterway with the 
minimum of labor has been solved, and means provided to avoid 
stoppage mom anchor ice in winter. 
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For the second time I have been honored by an invitation 
from your Society, to present a memorial address on one of its 
distinguished members. On the present, as on the previous 
occasion, I feel that my powers are inadequate to do justice to 
the subject on which you have been good enough to decide that 
I am qualified to address you. 

It was in October, 189), that you were gathered to do honor 
to the memory of one of the greatest of America’s engineers, the 
number of whose personai friends and admirers are, alas! grow- 
ing fewer year by year, but whose fame still remains, and must 
remain undimmed. I shall have need to refer frequently to the 
name of Alexander Lyman Hotley in the course of this memo- 
rial address, for his career and that of Bessemer touched, and 
ran parallel, for a number of years, and it was Holley, who, 
after introducing into the United States Bessemer’s great inven- 
tion, imparted to it such a new vigor, that it has grown to-day 
to overshadow in its industrial results those of the country of 
its birth. 

[ do not propose to ask you to listen to an obituary of Sir_ 
Henry Bessemer; still less do I wish to attempt any formal a 
biographical history. It would be impossible to do so, within — 
the limits of your time and patience. Moreover, Professor 
Thurston has already done more in that direction than I could | 
reasonably attempt to-day; his “ Life of Sir Henry Bessemer 
is indeed an admirable piece of work; the unflattering homage 
of a ores eat American scientist to a great ‘English inventor. 


resented by title at the Niagara F alls meeting tiene. 18: 18) of the American 
Society of Mechanical Engineers, and forming part of Volume XIX. of the 
Transactions. 
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Another reason why I wish to confine my remarks within 
relatively narrow limits, is that it is probable, Bessemer’s auto- 
biography, which was left practically complete at the time of 
his death, will ere long be published, and you will find in its 
pages far more than I could pretend to tell you. 

But I think it may be of interest to you, and certainly it is a 
privilege to me, to attempt to throw into high relief some of the 
leading characteristics of the man; some of the leading features 
of his career ; some of the chief results of his work. His genius 
created a new industry, and founded a new age—the age of steel. 
No doubt, if he had not accomplished this, others would have 
done so, just as if Holley had never existed, some other Ameri- 
can engineer would have been the pioneer of the steel age in 
America. It happened, however, that the two specialized 
energies intended to achieve this great industrial revolution, 
should be recognized by the name signs of Bessemer and of 
Holley, and when those names are mentioned, we know just 
what they stand for in the world of progress. At the same time 
it is a matter for regret that humbler names, belonging to those 
perhaps forgotten ones whose codperation did much to insure 
success, have to be overlooked, but we must be content with the 
reflection that the victories of peace, no less than those of war, 
are associated almost wholly with the names of the great 
leaders. 


Il. 


ferent to those that animated me when I discoursed about 
Alexander Holley, though nearly ten years had then passed be- 
tween the time of his death, and the erection of his memorial in 
New York City. 

But the circumstances were so different. Holley was taken 
from us at an age when his experience was ripe, and his energies 
—but for the ravages of fatal disease—were undiminished. Ae- 
cording to the chances of life, he had many years of useful work 
before him, and who can say what he might not have aeccom- 
plished had he been spared. But with Bessemer it was other 
wise. He had long passed the limit of three score and ten, and 
he was an exception to the rule that the years granted beyond 
that time are years of burden and weariness, for, until the last, 


his mind was clear, his body active, and his energy hes power 


I approach the subject of this address with feelings far dif-_ 
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for work remained remarkable. His autobiography, to which I _ 
referred just now, and on the posthumous publication of which | 
he set great store, had kept him closely occupied for some years, 
until within a few weeks of the end. His life’s work long com-_ 
pleted, he could look back over a period of twenty-five calm — 
years, to the time when the strife had terminated, and the in-— 
dustry he had created some twenty years earlier, had made his 
name famous throughout the world ; had given new employment 
to hundreds of thousands of workers; and had revolutionized — 
the conditions of a thousand industries. 

Sir Henry Bessemer has passed from us in the fulness of — 
time ; he cheerfully gave up a long life marked by activity and 
usefulness, and blessed near its close with the rare advantage of | 
enjoying the fame he so well deserved, instead of realizing that 
it would be attached to his name only after his death. There-_ 
fore his death calls for few regrets, other than those inseparable — 
from seeing conspicuous landmarks swept away by the inexorable — 


The career of Bessemer was made remarkable from its com-_ 
mencement to its close by his power as an inventor; but it was 
not as a many-sided inventor that he earned his popular repu- 
tation; it was only by reason of the eminently successful process | 
of steel-making which bears his name, and to the development of 
which he devoted his best years, and most powerful energies, — 
that he is universally known. His energy as an inventor is” 
illustrated by the record of the London Patent Office, a record 
which I have collectéd, and reproduce. It shows that he 
obtained no fewer than 114 patents for a not very wide range of 
subjects (his few miscellaneous inventions excepted), while two 
of his most widely used discoveries were never patented at all. 
And it must be borne in mind that he was not an idle inventor ;_ 
I mean that he was not one of those who hastily patent ideas as — 
they may occur; on the contrary, every one of his specifications _ 
show careful thought, mechanical skill, and the workings of a_ 
logical mind. It is true that only one of his patented inven-_ 
tions bore a rich harvest, but that was because circumstances 
and force of character compelled him to follow one road to— 
success, instead of losing himself in a maze of intricate paths, 
which led nowhere, as has happened to so many brilliant minds. 


= 
4 
& 
‘ 


HENRY BESSEMER.—1815-1898. 


Before I dwell in some detail on the more important inven- 
tions of Bessemer, I shall find it convenient to refer to two of 
those which were unprotected, and which brought him—the one, 
tardy government recognition, and the other, sufficient fortune 
to enable him to conduct the long and costly experiments which 
resulted in the successful manufacture of Bessemer steel. The 
first of these was the substitution of the clumsy and easily 
evaded system of government stamps in use until the omney 
thirties, by a simple and now universally adopted device ; the 
second was the manufacture, on a very large scale, and or a 
process kept secret for nearly forty years, of the Bessemer 
bronze powder. These things appear simple enough now, 
when every postage stamp which is made can be detached from 
its neighbor by means of perforations, and when “ gold” paint 
—Bessemer and otherwise—is made in a score of places. But 
at the time—now about sixty years ago—they were great inven- 
tions, the one the sudden idea of a youthful and brilliant mind, 
the other the result of patient investigation and business instinct, 
allied with mechanical genius. These early efforts, together 
with some others to which I shall also refer, and the authorship 
of which is practically forgotten, were sufficient indications that 
a great future aw ne the then unknown inventor. 


“ce 


Sir Henry Bessemer was a remarkable illustration of heredity ; 
of that mysterious sequence in Nature, who sometimes makes 

her great gifts continuous through two, and sometimes, though 
rarely, through three generations. His father, Anthony Bes- 
semer, was a genius, though probably of the somewhat robuster 
sort, as better fitted the times in which he lived, when science 
was chiefly based on speculation, and industries were controlled 
by craftsmen and not by machinery. Anthony Bessemer was 
born in London, in the city of London, that is to say, and at a 
very early age he was taken to Holland, in which country his 
parents appear to have made their permanent home. 

The Dutch surroundings were more congenial than those of 
London to the boy, the future father of Sir Henry, for there was 
much engineering work of a kind going on in Holland, in defend- 


~ 
= 
‘ 
Fy 


ing the country from the inroads of the sea, and in wresting 
more land from its encroachments. Pumping was continuous, 
all round the coast, but it was not till the end of the century 
that steam power began to supersede wind. Being sensible 
people, the parents of young Anthony Bessemer allowed, and 
indeed assisted him, to follow his inclinations. He was appren- 
ticed to a mechanical engineer, and in due time he took a con- 
spicuous part in the construction and erection of the first steam 
pumping engine built in Holland; it was employed to drain 
reclaimed land near Haarlem. 
It is interesting to follow the fortunes of the elder Bessemer 
a little further. “His character and his career helped so much 
to mould the character and the career of his son. Anthony 
Bessemer must have been a very skilled mechanic; in all 
probability he was an able engineer. He had also plenty of the 
spirit of the adventurer, and when he had learned his trade, and 
could be taught no more by the pumping machinery practice 
available, he sought a more promising field for his enterprise. 
He went to seek his fortune in Paris at the age of twenty-one, 
and that he very early attained high distinction, is shown by 
the fact that five years later he was elected a member of the 
French Academy of Sciences; this distinction was bestowed on 
him for improvements which he had made in the microscope. The 
promise of this auspicious commencement was amply fulfilled. 
The London boy of foreign extraction, and Dutch education, 
sought and found advancement and wealth rapidly, in Paris. I 
fancy that the genius of Anthony was possibly of even a higher 
order than that of Henry Bessemer. Mechanics and all the in- 
dustrial sciences were in their infancy ; appliances and tools to 
give embodiment to invention were but few and crude. At the 
beginning of the century there were not many who could ex- 
change ideas mechanical and scientific; technical literature may 
be said not to have existed; the inventor to be successful had 
of necessity to rely largely on himself to carry out his ideas 
with his own hands, and with but little outside assistance had 
to overcome, or to evade, difficulties. There was no cause for 
wonder that so talented a workman and so keen a thinker as 
Anthony Bessemer quickly found highly remunerative employ- 
ment. We find him occupying a prominent position for some 
years in the Paris mint,and he must have possessed much artis- 
_ tic as well as mechanical skill, since he was largely occupied in 
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die sinking and engraving. ‘The copying machine—I mean that 
class of device for reproducing carved or engraved work from 
an enlarged model—is regarded as an invention of the latter 
half of this present century. As a matter of fact it is some 
seventy years older, for the first practical machine of the kind 
was made and put to work in the Paris mint by Anthony Besse- 
mer. With congenial surroundings, and increasing prosperity, 
the time passed, and brought him nearer to the crisis when 
comparative ruin, and flight to England became an imperative 
necessity. The French Revolution was at hand and with it the 
overturning for a time of law and order. Now Anthony Bessemer 
was not only an inventor, an engineer, and, within limits, an ar- 
tist; he was besides a shrewd business man, who foresaw that 
it was better to lose part than all, and he transferred such prop- 
erty as he could to England. He had a narrow chance of escape 
with life, for he had incurred the suspicion of the Patriots, dur- 
ing a brief administration of an almost fatal position forced 
upon him—the distribution of bread to the surging, maddened, 
starving crowd of Paris. You know the passage in Carlyle : 
“And so then shall be Bakers’ Queues, by and by, more sharp 
tempered than ever; on every Baker's door rabbet an iron ring, 
and coil of rope; whereon with firm grip, on this side and that, 
we form our Queue ; but mischievous deceitful persons cut the 
rope, and our Queue becomes a ravelment; whereupon the coil 
must be made of iron chain. Also there shall be prices of grain 
well fixed ; but then no grain purchasable by them; bread not 
to be had except by ticket from the Mayor, few ounces per 
mouth daily ; after long swaying with firm grip, on the chain of 
the Queue. And hunger shall stalk direful: and Wrath and 
_ Suspicion, whetted to the Preternatural pitch, shall stalk.” A 

charge of stinting those “‘few ounces” of bread sufficed to drag 


Anthony Bessemer from his post and cast him into prison, but 
he evaded his further progress to the guillotine by escaping, 
how, we are not informed. That he got clear with his life, was 


_ fortunate enough; the material loss he suffered could be made 
good in England. So he came to London, but only for a time, 
for he ultimately married and settled in the little village of 
Charlton near Hitchin in Hertfordshire. I do not know any of 
the reasons which led him to select this spot, but as he lived there 
many years, it was evidently well adapted to his purpose. He 
did not retire to a little country village to rust out in inactivity, 
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It illustrates the many sides of the practical character of this 
man, that he made this new start by the manufacture of gold 


chains. Not on the old-established lines, whatever they might 
have been, which filled the requirements of the time in this diree- 
tion. He schemed and had made, new machinery for the pur- 
pose, and it seems to have answered as well as most of the 
things to which he set his busy hand. Certainly this trade and 
probably others, placed him in such a position after a few years, 
that, with what he had been able to save from the wreck of the 
revolution, he felt justified in carrying out the idea, that he 
would devote the rest of his life to purposeless leisure. As if 
this could have been possible with a man of Anthony Bessemer’s 
temperament. 

This period of idleness lasted for about a year, when it be- 
came intolerable. Then, starting on a new path, he devoted his 
energies and ability to the trade of type-founding, which was no 
new trade to him, as the dies and type-metal alloys which he had 
produced in France had brought his high reputation. In this 

new venture his skill, developed in the Paris mint, was turned 
again to a good purpose, and I can imagine that he must have 
made many beautiful fonts with his own hands. Here in the old 
Hertfordshire village, he entered into partnership with Caslon, 
whose name is still famous as a type-founder, and the business 
flourished. 

The Bessemer-Caslon combination was firmly established, with 
a factory which we know must have been equipped and organ- 
ized far ahead of any similar works of the kind, at the time Henry 

Bessemer was born. That was on January 19, 1813, and Caslon 
became his godfather. 


As subsequent events proved, the talent and the purposeful 
energies of the father were born with the son, and were devel- 
oped from his earliest years by congenial surroundings. The 
foundry, the small machine shop, the die-engraving studio, were, 
at the first, his playgrounds, and then his workshop ; the stories 
told by him and his father had all to do with the romance of 
industry and development of inventions. From the first he lived 
in an atmosphere of intelligent labor ; the secrets of the foundry 


_ ceased to be secrets to him long before he understood anything 
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about the nature of the alloys, the critical points of fusion, or 
the art of fine casting. 

His education, that is, his general education, was only what 
was afforded by a country village in the first quarter of the 
century, and by the somewhat better teaching in the adjacent 
town of Hitchin; his real training was in the Bessemer-Caslon 
type-foundry. It is somewhat interesting that the trend of his 
advance through life was, with some exceptions, an extension of 
the line marked out by this foundry, modified of course by many 
circumstances, which also subdued the artistic side of his prac- 


tical nature, inherited from his father, but which never sup- 


pressed it. The more one studies the character of father and 
son, the more clearly it appears that the career of the latter was 
but a continuation over nearly a century of that of the former. 
When Henry Bessemer was seventeen years of age, the whole 
family left Charlton, and settled in the north of London. From 
that time young Bessemer was practically his own master, the 
seulptor of his own fortunes, which yet remained concealed in 
the untouched block of marble. He was well equipped for the 
struggle. His father’s gifts were his, supplemented with some 
knowledge of his father’s experiences ; he was a trained work- 
man and a close observer; his mind was stored with all the 
trade knowledge the Charlton type-foundry could afford ; he was 
ambitious, though with no defined aim as yet; and physically, 
his strength and endurance seemed inexhaustible. It is no 
wonder, too, that he quickly found friends, for the charm of 
manner which made his society delightful during his maturer 
years and his old age must have existed to some extent in his 
early youth. 

So, as I say, he came to London at the age of seventeen well 
armed for the battle of life. That was in 1830. First he turned 
his knowledge of easily fusible alloys and of casting to account, 

- but not in the direction of type-founding. One of his favorite 
recreations at Charlton had been the production of deiicate art- 
castings from moulds modelled by himself; the reproduction of 
natural objects, of leaves and ‘flowers, or insects, or lace, in the 
making of which the originals were burnt out and replaced by 
he more permanent replicas in metal. 
The Italian plaster casts of figures and decorative subjects 
were very precious to the popular British art-sense at that time, 
ut they were repellent | to the better feelings of young Besse- 


HENRY BESSEMEI 3-1898 89 
4 
el 
: 
. 
a ts 
) 
a 
=4 


HENRY BESSEMER.—1813-1898. 


mer, who, by some means or other, made a connection among 
these popular artists, and improved their work, earning money at 
the same time. But his chief success in these first essays lay in 
the development of his boyish work at Charlton, and ere long he 
had attained quite a small reputation for his art castings, made 
and sold, at first, in white metal, but afterwards coated by plac- 
ing them in zine trays, in solutions of nitrate and sulphate of 
copper. Specimens of this early work remain to this day and 
give evidence that he would have risen to eminence in this 
branch of industrial art had he followed it, instead of being 
called to far higher and more important duties. 

The following is an extract from an early edition of Dr. Ure’s 
Dictionary of Arts, Manufactures and Mines, referring to Besse- 
mer’s early work in copper deposition, apparently the first of 
its kind: 

** The earliest application of this kind seems to have been practised about six- 
teen years ago, by Mr. Bessemer, of Camden Town, London, who deposited a_ 
coating of copper on lead castings, so as to produce antique heads in relief, about 
three or four inches in size. He contented himself with forming a few such — 
ornaments for his mantlepiece, and though he made no secret of his purpose, he — 
published nothing upon the subject. A letter of May 22, 1839, written by Mr. | 
J. C. Jordan, which appeared in the ‘Mechanic’s Magazine’ for June 8th fol- 
lowing, contains the first printed notice of the manipulation requisite for obtain-_ 
ing electro-metallic casts, and to this gentleman, therefore, the world is indebted 
for the first discovery of this new and important application of science to the use 
of life.” 7 


Before he was twenty, Henry Bessemer had become an ex- 
hibitor at the annual exhibition of the Royal Academy, then, 
and for some years later, held at Somerset House; this brought 
him further into notice, and helped to make him, for so young 
a man, very prosperous. But like his father he regarded a step 
gained only as the foothold for a higher step; there were other 
means than casting, to produce artistic work of greater utility 
and wider application. There was stamping; not only in metal. 
but in card, in leather, and in fabries; the decoration of many 
objects of wide application, and therefore possessing large po- 
tential profits. 


So well was this scheme developed and pushed commercially, 
that quite a large trade was created, in embossed materials 


which were made the fashion by bookbinders ; in lace papers, 
which from that time to this have found a large and ever in 
creasing use ; in stamped cards, for which a hundred purposes 
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vere found; and for sheet metal covered with raised designs 
adapted to'many decorative purposes. For all this work two 
essential elements were needed: dies, and suitable presses. 
The skill and experience of the elder Bessemer, gained when 
employed in the Paris mint, and inherited by the son, found a 
new application now, while his mechanical instinct taught him 
to select the presses most suitable for his purpose ; at first fly 
presses, but afterwards hydraulic. 
While following this line of work, which brought him into 
somewhat prominent notice, so that—as already said— his pro- 
~ ductions were found worthy of exhibition at the annual show of 
the Royal Academy, young Bessemer came into contact with 
some of the officials of Somerset House, the seat of the inland 
revenue department. It was notorious at that time that frauds 
on the government were perpetrated to an alarming extent by 
the repeated use of stamps aflixed to deeds. It was estimated 
that an annual loss of £100,000 was sustained from this cause, 
and to devise a means for entirely putting a stop to this oceu- 
pied much of Bessemer’s attention. It is almost superfluous to 
_ say that he arrived at a solution by the simplest means, that of 
_ perforating the government stamps with dates. Now that this 
evident method has found a hundred uses throughout the 
— civilized world—to safeguard stamps or cheques, and to divide 
postage stamps, being among the most common—it is a little 
difficult to realize the importance of this invention. To Bes- 
- semer it meant, in anticipation, vast things: assured fame, a 
retaining fee of £600 a year as a government official, and a great 
advance on the road to fortune. In reality, it meant nothing, 
for though the invention was at once adopted, the official prom- 
ise was forgotten, overlooked probably during a political crisis, 
and change of government. But whatever the cause, he never 
received any consideration for the large sums he had enabled 
the British Iniand Revenue to save. Some forty-five years 
later, when he had earned for himself all the fame he could de. 
sire, and when bestowed honors were superfluous, he was 
knighted for this invention which had been appropriated without 
the possibility of redress, because he had not protected himself 
by any patent. How bitterly Bessemer resented this treatment 
is evident from the tone of the very interesting letter he ad- 
dressed to the Times in October, 1878, shortly before he had 


received the knighthood, and shih I reproduce. 
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“THE REWARD OF INVENTION, 


‘To the Editor of the Times. 

‘Sir: The letter which you favored me by publishing last week in relation to 
the refusal of our Government to allow the Grand Cross to be accepted by our 
countrymen has elicited many kindly and sympathising expressions from private 
correspondents ; but to the mind of one gentleman, [I appear to have ‘ written 
with some bitterness.” Now, I may plead guilty to such feeling whenever my 
memory is driven back by force of circumstances to a period when the Govern 
ment of this country inflicted on me a great and grievous injustice, in exchange 
for a great and permanent benefit conferred by me on the State. 

‘* Perhaps nothing would tend so much to dispel this morbid feeling as a brief 
recital of the circumstances to which I refer. 

“The facts are briefly these : At the age of seventeen I came to London from a 
small country village, knowing no one, and myself unknown—a mere cypher in 
this vast sea of humanenterprise. My studious habits and love of invention 
soon gained for me a footing, and at twenty I found myself pursuing a mode I 
had invented of taking copies from antique and modern basso-relievos in a man- 
ner that enabled me to stamp them on cardboard, thus producing thousands of 
embossed copies of the highest works of art at a small cost. The facility with 
which I could make a permanent die, even from a thin paper original, capable 
of producing a thousand copies, would have opened a wide door to successful 
fraud if my process had been known to unscrupulous persons, for there is not a 
Government stamp or the paper seal of any corporate body that every common 
office clerk could not forge in a few minutes at the office of lis employer or at 
his own home. The production of a die from a common paper stamp is the work 
of only ten minutes ; the materials cost less than a penny. No sort of technical 
skill is necessary, and a common copying-press or letter-stamp yields most sue 
cessful copies. There is no need of the would-be forger to associate himself 
with a skilful die-sinker capable of making a good imitation in steel of the 
original, for the merest tyro could make an absolute copy on the first attempt. 
The public knowledge of such a means of forging would, at that time, have 
shattered the whole system of the British Stamp Office, had I been so incautious 
as to allow a knowledge of my method to escape. The secret has, however, been 
carefully guarded to this day. 

‘No sooner, however, had this fact dawned on me than I began to consider if 
some new sort of stamp could be devised to prevent so serious a mischief, Dur 
ing the time I was engaged in studying this question I was informed that the 
Government were themselves cognizant of the fact that they were losers to a great 
amount annually by the transfer of stamps from old and useless deeds to new 
skins of parchment, thus making stamps do duty a second or third time, to the 
serious loss of the revenue. At a Jater date this fact was confirmed by Sir Charles 
Presley, of the Stamp Office, who told me he believed they were defrauded in 
this way to the extent of probably £100,000 per annum. To fully appreciate the 
importance of this fact, and realize the facility afforded for this species of fraud 
by the system then in use, it must be understood that the ordinary impressed or em- 
bossed stamp, such as is employed on all bills of exchange, if impressed directly 
on askin of parchment, would be entirely obliterated if the deed be exposed for a 
few montlis to a damp atmosphere. Thedeed would thus appear asif unstamped, 
and, therefore, invalid. To prevent this it has been the practice, 


[= ; = 
9 
| 
af 
= 
i 


HENRY BESSEMER. —1813-1898. 3 


the reign of Queen Anne, to gum a small piece of blue paper onto the parch- 
ment ; and to render it still more secure a strip of metal foil is passed through it, 
and another piece of paper with the printed initials of the sovereign is gummed 
over the loose ends of the foil at the back. The stamp is then impressed on the 
blue paper, which, unlike parchment, is incapable of losing the impression by 
exposure to a damp atmosphere. 

** But, practically, it has been found that a little piece of moistened blotting- 
paper applied for a whole night so softens the gum that the two pieces of paper 
and the slip of foil can be removed from the old deed most easily and be applied 
to a new skin of parchment, and thus be made to do duty a second or third time. 
Thus the expensive stamps on thousands of old deeds of partnership, leases, and 
other documents, when no longer of value, offer a rich harvest, to those who are 
dishonest, to use them. 

* With a knowledge of these facts I was enabled to fully appreciate the impor- 
tance of any system of stamps that would effectually prevent so great a loss to 
the Government ; nor did I for one moment doubt but that Government would 
amply reward me if I were successful in so doing. After some months of study 
and experiment—which I cheerfully undertook, although it interfered consider- 
ably with the pursuit of my regular business, inasmuch as it was necessary to 
carry on the experiments with the strictest secrecy, and to do all the work myself 
during the night after my people had left work—at last I succeeded in making a 
stamp that satisfied all the necessary conditions. It was impossible to remove it 
from one deed and transfer it to another. No amount of damp, or even satura- 
tion with water, could obliterate it, and it was impossible to take any impression 
from it capable of producing a duplicate. 

“IT knew nothing of patents or patent-laws in those days, and if I had fora 
moment thought it necessary to make any preliminary conditions with Govern- 


ment I should have at once scouted the idea as one utterly unworthy. Dealing 
direct with Government, I argued, must render my interests absolutely secure ; 


and in this full confidence I wended my way one fine morning to Somerset House, 


and was ushered into the presence of the chief, Sir Charles Presley. I explained 
the object of my call, and showed him by numerous proofs in iy possession how 
easily all his stamps could be forged, and also my mode of prevention. He was 
greatly astonished at what I had communicated and shown to him, and asked me 
to call again in a few days, which I did, and after further conversation on the 
subject, he suggested that I should work out the principle of my invention more 
fully. This I was only too anxious to do; and some five or six weeks later I 
called on him again with a newly-designed stamp, which greatly pleased him. 
The design was circular, about 2} inches in diameter, and consisted of the Garter, 
with the motto in capital letters, surmounted by acrown. Within the Garter was 
a shield, with the words ‘five pounds.’ The space between the shield and the 
garter was filled with network in imitation of lace. The die had been executed 
in steel, which had pierced the parchment with more than four hundred holes, 
each one of the necessary form to- produce its special portion of the design. Since 
that period perforated paper has been largely employed for valentines and other 
ornamental purposes, but was previously unknown. It was at once obvious that 
the transfer of such a stamp was impossible. It was equally clear that mere 
dampness could not obliterate it ; nor was it possible to take any impression from 
it capable of perforating another skin of parchment, 

‘This design gave great satisfaction, and everything went on smoothly ; Sir 
Charles again consulted Lord Althorp and the Stamp Office authorities determined 
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to adopt it. I was then asked if, instead of receiving a sum of money from the 
Treasury, I should be satistied with the position of Superintendent of Stamps, at 
some £600 or £800 per annum, This was all I could desire, and great was my 
rejoicing over the prospect before me, for I was at that time engaged to be mar- 
ried, and my future position in life seemed now assured, A few days after affairs 
had assumed this satisfactory position, I called on the young lady to whom I was 
engaged (now Mrs, Bessemer) and showed her the pretty piece of network which 
constituted my new parchment stamp. I explained to her how it could never be 
removed from the parchment and used again, mentioning the fact that old deeds 
With stamps on them, dated as far back as the reign of Queen Anne, could be 
fraudulently used, when she at once said, * Yes, I understand this ; but surely if 
all the stamps had a date put upon them they could not at a future time be used 
again without detection?’ This was, indeed, a new light, and, I confess, greatly 
startled me, but I at once said the steel dies used for this purpose can have but 
one date engraved upon them. But after a little consideration I saw that move- 
able dates were by no means impossible ; and shortly after it came into my mind 
that this could easily be effected by drilling three holes of about a quarter of an 
inch in diameter, in the steel die, and fitting into each of these openings a steel 
plug or type with sunk figures on their ends, giving on one the day of the month, 
on the next the month of the year, and on the third circular steel type, the last 
two figures of the year. I saw clearly that this plan would be most simple and 
efficient, would take less time and money to inaugurate than the more elaborate 
plan I had devised ; but I must confess, that while I felt pleased and proud at the 
clever and simple suggestion of the young lady, I saw also that all my more 
elaborate systems of piercing dies, the result of months of study, and the toil of 
many a weary and lonely night, was shattered to pieces by it, and I more than 
half feared to disturb the decision that Sir Charles Presley had come to as to the 
adoption of my perforated stamp ; but with my strong conviction of the advan- 
tages of the new plan I felt in honor bound not to suppress it, whatever might be 
the result. Thus it was that I soon found myself again closeted with Sir Charles 
at Somerset House, discussing the new scheme, which he much preferred, 
because, as he said, all the old dies, old presses, and old workmen could be em- 
ployed, and there would be but little change in the office, so little, in fact, that 
no new superintendent of stamps was required, which the then unknown art of 
making and using piercing dies would have rendered absolutely necessary, After 
due consideration my first plan was definitely abandoned by the office in favor of 
the dated stamps, with which every one is now familiar. In six or eight weeks 
from this time an Act of Parliament was passed, calling in the private stock of 
stamps dispersed throughout the country, and authorising the issue of the new 
dated ones. 

‘** Thus was inaugurated a system that has been in operation some forty-five 
years, successfully preventing that source of fraud from which the revenue had 
so severely suffered. If anything like Sir Charles Presley's estimate of £100,000 
per annum was correct, this saving must now amount to some millions sterling ; 
but whatever the varying amount might have been, it is certain that so important 
and long established system as that in use at the Stamp Office would never have 
been voluntarily broken up by its own officials, except under the strongest con- 
victions that their losses were very great, and that the new order of things would 
prove an effectual barrier to future fraud. 

‘“ During all the bustle of this great change, no steps had been taken to install 
me in the office. Lord Althorp had resigned, and no one seemed to have author- 


{ 
| 
| 
: 
ris 
4 
io 
aa 
: = 
| 
i 
A. 
& 
te 


HENRY BESSEMER.—1813-1898. 895 


ity to do anything for me ; all sorts of half promises and excuses followed each 
other with long delays between, and I gradually saw the whole thing sliding out 
of my grasp. Instead cf holding fast to my first plan, which they could not have 
executed without my aid and the special knowledge I bad acquired, I had in all 
the trustfulness of youthful inexperience shown them another so simple that 
they could put it into operation without any assistance from me. I had no 
patent to fall back upon. I could not go to law, even if I wished to do so, for I 
was reminded when pressing for mere money out of pocket, that I had done all 
the work voluntarily and of my own accord. Wearied and disgusted, I at last 
ceased to waste time in calling at the Stamp Office, for time was precious in these 
days, and I felt that nothing but increased exertions could make up for the loss 
of some nine months of toil and expenditure. Thus, sad and dispirited, and with 
a burning sense of injustice overpowering all other feelings, I went my way from 
the Stamp Office, too proud to ask as a favor that which was indubitably my just 
right ; and up to this hour I have never received one shilling or any kind of 
acknowledgment from the British government. Such has been my reward, 

‘*T am, Sir, your obedient servant, 


BESSEMER, 
‘* DENMARK HILL, October 29, 1878.” 


Some years after this great disappointment, Bessemer became 
a prolific patentee, but for the present his mind and energies 


had run in the fruitful channel of special and secret processes. 
We 


We have seen how young Henry Bessemer came to London at 
seventeen years of age with very limited means ard unlimited 
ambition, and, in anything but biographical fashion, we have 
sketched some of the events of the three or four eventful years 
that followed. Shortly after his arrival in London he made the 
aequaintance of a Mr. Allen who resided in Camden Town, a 
northern London suburb, as you all know. This apparently 
simple incident was to be followed by results undreamed of by 
the quiet family, which included a number of children, when 
they aceepted their young friend as a visitor. Between this 
family and Bessemer, as time went on, the closest relations 
srew. Add to this the fact that a near neighbor and friend 
named Longsdon had four sons, and the elements were assem- 
led which, by later combinations, helped to assure the success 
f the Bessemer process. It is a very commonplace story, one 
which repeats itself daily in every large city, but which does not 
ear great results many times in a century. Bessemer was 
iappily fated to marry one of the Allen daughters, and Robert 
Longsdon to marry another; in due time one young Allen 
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(Richard) was to run, for nearly forty years, the secret process 
of the Bessemer bronze powder which was to help find the money 
wherewith the experiments in steel-making were to be carried 
out. Also in the fulness of time, Bessemer and Longsdon (the 
latter partly from ability and partly because he possessed a 
certain amount of capital) were to become partners prior to and 
during the years of the great steel harvest. And later, another 
of the Allen boys (William Daniel) was, after he had left school, 
to become the confidential assistant of his brother-in-law Besse- 
mer, who was eleven years his senior, and afterwards to be the 
head of Bessemer & Co. of Sheffield. There are many of you 
who knew personally the late W. D. Allen, and those who did, 
loved and honored him for himself, and respected him as a 
famous steelmaker. Incidentally it may be mentioned that 
another Longsdon (Alfred) followed the way led by Bessemer, 
found himself ultimately the representative of Krupp, of Essen, 
in England. So the course of many lives was changed by the 
simple accident of a chance acquaintance. ‘ 

When the unfortunate episode of the stamp-perforating device 
occurred, Bessemer had advanced far on the path of courtship, 
and the disappointment, due to broken official faith, must have 
been doubly severe, for it gave a death blow to the immediate 
fulfilment of his wishes, though it stimulated him to fresh 


endeavor. 


Until long after 1831 the sole supply of plumbago suitable for 
drawing pencils came from a single mine in Cumberland, in the 
parish of Borrowdale. I am speaking of the supply for Great 
Britain, of course. It was a veritable treasure house this mine, 
guarded close always, and opened but for a few weeks every 
year, when a small quantity of the precious mineral—some 
30,000 or 40,000 pounds weight—was extracted, and the mine 
was again sealed. The plumbago was bought chiefly by a Jewish 
ring, for about 45s. a pound, and by them it was converted into 
drawing pencils. But the ring was dependent on an inner ring, 
the plumbago cutter, who with great skill, with 60 per cent. of 
waste, and for 21s. a pound, sawed the brittle stuff into thick 
sticks. The waste only realized 2s. 6d. a pound, so there was 
no wonder pencils were expensive, for the sticks, when ready t: 
go inside their cedar sheaths, brought £4 10s. a pound. Her 
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was an admirable chance for young Bessemer; he had only 
commercial men to deal with, not government officials, so he 
knew just where he was. First he designed and had made a hy- 
draulic press which would exert a pressure of 400 tons (I do not 
know the pressure per inch); then he bought up all the plumbago 
dust to be had in London at 2s. 6d. a pound; afterwards, grow- 
ing bolder, he, with a friend, repaired to Borrowdale, where he 
made a corner in plumbago dust at highly pleasant prices. 

So he made sure of his supply, which, being properly ground, 


de 


lixiviated, and mixed with some binding material, was subjected 
to the action of his 400-ton press. Thus he obtained compact 
slabs, which he afterwards cut into sticks with a very fine saw 
which did not produce much waste, and he was able to undersell 
the market beyond competition. This is undoubtedly the first 
instance of artificial lead-pencil making in England; it is not a 
little remarkable that so fertile a brain as his shoul@ not have 


conceived the notion of squeezing his plastic mass of plumbago 
through a die; that idea, however, was to be reserved for some 
one else in a future generation. This pencil-making business 
lasted for a time, and while bringing in some profit it helped 
him further on towards success. Ultimately he sold his secret 
for £200, 

The story of the Borrowdale plumbago industry is so curious 
that I give here an extract from Lyon’s Magna Britannia (1816) 
referring to the subject: 


** At the head of Borrowdale on the side of a very steep mountain is the 
celebrated mine of wadd or black lead. The demand for this article being lim- 
ited, the mine is only opened occasionally, so as to answer that demand. As this 
isa substance which does not require any mechanical process to prepare it for 
use, great care is taken to secure it from plunder. The mine is only accessible 
through the agent's house which is built over it. In consequence of the ease 
with which depredations on this property might be committed, an act of par- 
liament was passed in the year 1752 to secure the property, by subjecting the — 
stealer and the receiver to the same punishment as for felony. In the preamble 
to this act the black lead is described as necessary to the casting of Lomb-shells, | 
round shot, and cannon balls; its chief use is now for making pencils ; the 
coarser sort is employed in the composition of crucibles and for giving a black 
polish to iron. The wadd or black lead is not found in regular veins, but lying 
in lumps or nodules in the fissures of the slate-rock, the lumps varying in weight 
from an ounce or less upwards of 50 pounds. When the mine is opened, a suffi- 
cient quantity is procured to answer the demand for several years; the black 
lead of the best quality is packed in barrels and sent to London by wagon, the 
proprietor of which is bound in a considerable sum for its safe delivery. It is 
then deposited in the cellars under the Unitarian Chapel in Essex Street, and on 
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the first Monday in every month there is a sale of it in an upper room of a public 
house in the neighborhood. The pencil makers attend, and selecting pieces of 
the best quality, purchase according to their respective wants. The coarse sort 
is afterwards sold for other purposes. About £3,000 worth of the black lead is 
sold in a year; the price of the finest quality is 35s. per pound ; of the coarser, 
£120 per ton. 

‘“Of late there has been some alarm as to the failure of this usefal article ; 
it is nearly four years since any quantity has been procured ; only three or four 
_ barrels were procured in 1814, but we are informed that they have now better 
prospects, One-haif of the mine is the property of Henry Bankes, Esq., M. P., 
the other half is held by several proprietors under a lease for a long term of 
years, originally made by Heperson, who in conjunction with Mr. Bankes’s 
ancestor, had a grant from the Crown.” 


In Ure’s Dictionary of Arts, Manufactures and Mines 1860), 
the following reference is made to the manufacture of pencils, 
as still followed in England at that date: 


‘The beg: black-lead pencils of this country are formed of slender parallelo- 
pipeds, cut out by a saw, from sound pieces of plumbago, especially such as have 
been obtained from Borrowdale in Cumberland—usually enclosed in wood, 
although of late years used in everpointed pencil cases. Pieces of plumbago 
sufficiently large to be thus employed are very rare, and the supply from 
the Cumberland mine can no longer be relied upon. The mine has been closed 
for some years, but during the past year (1859) a company has been formed for 
again working it. Many attempts have been made to utilize the smaller frag- 
ments of plumbago, as by grinding them, melting them with sulphur and anti 
mony and the like, but few have been attended with success. The late Mr. 
Brockender was long occupied in seeking some method. He powdered and com- 
pressed the plumbago, but could not make the material adhesive. He sueceeded 
to some extent by exhausting air, and then compressing small sticks of the mate- 
rial.”” 


The description of the pencil works at Keswick as described 


in Chambers’ Journal (1848) is also so graphic and correct, that 
we do not hesitate to transfer more to these pages : 


“The factory consists of a house of several stories in the lower of which is a 
huge water wheel turned by the Cireta River. Timber is cut to shape, and plum 
bago istested for hardness and quality. Pieces are glued to a board, and then 
sawn into thin slices. The sliees are handed to the fitter, who sticks the pieces 
into the grooved rods in front of him, and snaps off the slice level with the sur- 
face, leaving the groove properly filled. In the making of a single pencil, per- 
haps as many as three or four slices are required. The sides of the sticks are 
covered up and are ready for rounding, after being cut to lengths by circular 


Henry Bessemer married at 2 very ia a twenty-one 


or thereabouts, I believe—and I may dismiss this ail- important 
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event of his life with the remark, that, unlike so many early 
marriages, his proved in all ways a happy one, and that it 
lasted almost for the rest of his long life, Lady Bessemer having 
died only a few months before her husband. 

With new, and, we may be sure, joyfully accepted responsi- 
bilities, Henry Bessemer’s energies forced him into fresh ven- 
tures, all based on the previous undertakings which had proved 
so successful. The hydraulic press, which had been kept busy 
in the compression of plumbago dust for making pencils, sug- 
gested to him a new use: its application to the industry his 
father had so long conducted at Charlton. To cast type under 
pressure, having first exhausted the air in the moulds, was the 
subject of his first patent, No. 7,585, dated March 8, 1838, and 
called “ Machinery for casting type.” This proved fairly suc- 
cessful, and, among other places, a plant was established at Edin- 
burgh, where young W. D. Allen was sent to superintend its 
installation. 

The invention ts interesting as being probably the first re- 
corded in the British Patent Office for casting under pressure. 
At this time, too, the industrial art side of his character found 
practical application in the work of engine turning, the well- 
known Jacob Perkins having furnished him with an engine- 
turning lathe. With this he executed a great deal of work with 
his own hands, one of his best customers being Mr. De La Rue, 
founder of the famous stationery business, and who, like his 
son, was a man of science. The connection arose out of the fly- 
press embossing work already referred to, Bessemer having 
found a ready sale for this class of decorative work with the 
stationery firm. Later on we shall see how this acquaintance 
brought about one of these insignificant incidents on which 
success often depends. 

While busy with all these various matters, which kept him in 
comfort till greater things should come, Bessemer found time 
to invent a type-composing machine, the practical value of 
which was proved by its being used in the printing office of one 
of the few penny weekly magazines then existing; it could set 
5,000 type an hour. For some reason this machine was never 
patented, nor does it appear to have found any application, 
excepting in the offices of the FKum//y Herald. Its interest, 
therefore, is purely historic, an evidence of the ingenuity of the 


fertile inventor. 
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It was about this time, also, that he devised a cheap means 
of imitating Utrecht velvet, by a modification of his embossing 
process; this was introduced with very considerable success 
and profit. We shall have occasion later on to refer to this in- 
vention, which formed the subject of a patent some years after. 

The busy hands and fertile brain had enabled their owner to 
amass considerable funds before he was thirty ; what fortune he 
then had was the result entirely of personal labor, for he did 
not gather royalties from his earliest patents ; in fact, his name 
appears on the Patent Office register only three times prior to 
1843, when he filed his first specification for making bronze 
powder. Probably the type-founding under pressure brought 
him some return; but his device for stopping railway carriages 
died still-born, while his process for making glass proved 
searcely profitable. In fact, it may be concluded that, with the 
exception of the long series of steel-making patents, few of 
Bessemer’s protected inventions were a source of income. 


X. 


Prior to the time when Bessemer turned his attention to the 
production of “ bronze’ powders the manufacture was a German 
monopoly; the material, which was produced by a secret 
process, found a large and highly profitable market all over the 
world as a basis for metallic paint. It commanded a relatively 
enormous price—many pounds sterling per pound. 

The material of which it was composed was comparatively 
worthless ; the value lay in the art of a long and tedious manu- 
facturing process, and in the monopoly. To destroy this, and 
to produce an equally good article at a price which could defy 
competition, was a problem, the solution of which was one entirely 
to Bessemer’s mind. Having attacked it, he was not the man 
to be content with anything but complete success. And he 
achieved it, but not until his patience was almost exhausted, 
and his means straitened. The patent which he obtained in 
1843 gives an indication of the way, but not the method he pur- 
sued. For some time he encountered only unqualified failure. 


He had designed and made special machinery for disintegrating 

and reducing to an impalpable powder the alloys which he em- | 
ployed. As a basis for a pigment the material was satisfactory ; 
as a painted surface it was an absolute failure, possessing no~ 
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brillianey, no suggestion even of metallic lustre. The time and 
money spent in designing and making his machinery were time 
and money wasted; he had learnt only that success could not 
lie upon the path he had followed. 
. He was discouraged, almost prepared to admit defeat, and to 
regard his efforts and his outlay as so much dead loss. And 
there is no doubt he would have given up but for one of those 
slight accidents which have all-important consequences. I have 
said that his acquaintance with the De La Rues had been formed 
through his business relations; that he supplied them with 
embossed card and metal, and executed much engine-turning 
work for them. One day he called on Mr. De La Rue, and 
found him busy with a microscope ; he was examining samples 
of flour and of potato starch, and he explained to Bessemer how 
he could detect the difference between them by the form of their 
-erystals. The hint sufficed; if the source of starch could be 
thus decided, why not the difference between his useless grains 
of bronze powder and those made inGermany. The microscope 
did give up the secret of the German monopoly ; it showed that 
_ while the grains of his (Bessemer’s) paint were round and uni- 
form, those of German origin were in very thin flakes of irreg- 
ular shape. 

It was necessary therefore to roll the metal into the thinnest 
sheets possible before breaking it up into minute particles, and 
not to grind it into powder. With this information the rest was 
- comparatively easy, only it was necessary to throw on one side 
all that had been already done and to commence afresh. New 
machinery, new experiments, and this time success so complete 
that the net price of the paint could be reckoned in shillings 
as compared with the German selling price in pounds. But 
Bessemer was far too good a man of business to spoil the 
market ; on the contrary, he kept only well below all competition, 
which followed him down to the ultimate loss, by Germany, of 
the market. Competition was, indeed, quite out of the ques- 
tion, for though the German product had carried a heavy profit, 
the means of production were slow and costly. The sheets of 
uloy were hammered out thin by hand, like beaten gold. 
Bessemer, on the contrary, rolled his metal by machinery at a 
nominal cost, while the subsequent processes were equally cheap, 
simple, and efficient. 

Being of a shrewd and secretive mind he patented no details 
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of his plant, but determined to work it as a secret process in a 
small factory in London. It is strange that he was enabled to 
do this for nearly forty years; during at least half this time the 
industry brought in quite large revenues, putting him at his 
ease, if not making him rich. Very slowly the method which 
had sprung from his genius was elaborated by duller minds 
until at last the secret had fully served its turn and it was not 
worth while to continue the industry, but that was not until the 
selling cost had fallen to one-twentieth of what it had been 
before Bessemer entered the market. 

I have spoken of the Allen family, one member of which 
became Lady Bessemer. To the eldest brother, Richard, Mr. 
Bessemer entrusted the entire management of the factory so 
soon as it was in running order, and these two, with one or two 
loyal mechanics, conducted the business, which was largely 


automatic. Naturally the German manufacturers were furious 
at this sudden and unexpected attack on their monopoly, and 
during some years they were unceasing in their efforts to learn 
the secret of their undoing. But Bessemer consistently refused 
to consider any negotiations, until, wearied with fruitless efforts 
to gain their end by direct means, his competitors sought 
devious ways with no better success. The little factory was 
watched day and night as eagerly as if it had been an Anarchist 
head centre, and no pains were spared to corrupt the small band 
of faithful employees. Sir Henry in later years would tell with 
much delight the story of one specially persistent attempt. 
The German agent, spy, or what you will, sought to get infor- 
mation from the old Scotch engine driver of the factory, who at 
once reported to Mr. Bessemer, and asked for instructions. 
“Tell him,” said Bessemer, “that you have spoken to the 
engineer who designed all the machinery, and that he will see 
you and give you information for a consideration.” The 
appointment was made, the engineer being Bessemer himself, 
and the place his own house near by. With much assumed 
perturbation on his part, and unlimited promises on the other 
side, the faithless “ engineer” was induced to show the working 
drawings of the machinery, nay more, to give facilities for trac-| 


ing them, which was done at express speed. Then the emissary 
departed with further promises that the treachery should be 
handsomely rewarded. Each side was well pleased with the 
negotiations, for the plans taken over to Germany were those 
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of the machinery that had resulted in total failure. Some years 
later Bessemer, being in Germany during one of his very rare 
visits abroad, found himself in the city where the factory was 
situated, from which the easily beguiled agent had come. 
Anxious to learn if possible the result of his practical joke he 
called on the manufacturers, and the nature of his reception 


left him in little doubt about his success. Any uncertainty, 


Indeed, which might have remained was dispelled a few hours 
later, when he was arrested in his hotel on some allegation 
emanating from the manufacturers aforesaid, and was involved 
in no little trouble before he was liberated by the efforts of the 
British consul and other officials. I have often heard Sir Henry 
Bessemer tell that story in a way that showed it still remained a 


very pleasant memory. 


I referred just now to the process Bessemer devised for the 
production of imitation Utrecht velvet, a process which he worked 
himself for some years with considerable profit, until in fact the 
price realized fell below the margin which made it worth his while 
to continue the industry. The story of this incident in his life 
is told far better than I could tell it, in the following letters, the 
second of which was written about a year before Sir Henry’s 
death, under the following circumstances. A fragment of the 
velvet came into the possession of a friend of the family—Sir 
William Bailey, of Salford—who sent it, with the accompanying 
letter, to Mrs. Charles Allen, a niece of Sir Henry : 


Please receive herewith by pattern post a piece of embossed velvet 
with which Sir Henry Bessemer had to do when a young man. 

‘**T am sorry I cannot give dates, but it must be between thirty and forty years 
ago that Mr. Pugin the eminent architect was engaged to design the draperies of 
the House of Lords, and he designed this pattern velvet, Sir Henry Bessemer de- 
signing and engraving the rollers for embossing it. I obtained it from Mr, Lamb, 
who knew Miss Bessemer (Sir Henry Bessemer’s sister) well. 

‘* He informs us that Miss Bessemer was also clever as a designer, and had todo 
with the embroideries of St. George’s Chapel and Windsor Castle, Miss Besse 
mer being one of the first to introduce art needle-work as an industry for ladies, 
into London. 

“Some very beautiful work was executed by Miss Bessemer’s staff, and amongst 
it some of the tapestries at Chatsworth Hall. The Devonshire Banner, with the 
Devonshire Arms richly emblazoned in beautiful colours now in the Hall, was 
executed under Miss Bessemer’s superintendence by the staff of ladies. . 
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Mrs. Allen sent half of the interesting relic to Sir Henry 
Bessemer, and in acknowledgment received the following very 
characteristic letter, which contains some curious details on the 
subject of the bronze powder, as well as the velvet industry. 


‘DENMARK Hii, Lonpon, 8. W., March 31, 1897. 


**My DEAR NIECE: Allow me to thank you very much for the most interesting 
specimen of embossing in Utrecht velvet which you have been so kind as to send — 
me ; it brings back old remembrances that will be for ever dear to me. 

‘*My sister was an artist of more than average ability in water colour drawing, 
und excelled greatly in the art of embroidery in silk, and in due course was ap. 
pointed embroideress to the Princess Victoria before she became Queen. 

“Tt is rather curious that I seemed born with an instinctive taste for designing — 
patterns, and when I reflect on my natural aptitude for mechanical inventions, 
this old power of designing foliage, and flowers, but more especially grotesque 
ideal scroll work and foliage, it seems to me to have been as a sort of faculty of 
inventing unseen forms in almost endless variety, and when I was only cighteen, 
I designed for one year the principal Indian patterns for the great Indian silk 
merchants Everingtons of Ludgate-Hill. It is a curious fact in connection with 
your friend’s letter that I designed the patterns embroidered by my sister, in the 
draperies of the beautiful cradle of her Gracious Majesty’s first infant, at which 
early period 1 had the honour to be an exhibitor, together with my sister, at the | 
Royal Academy, then held at Somerset House in the Strand. 

‘* My sister had made a great number of flower paintings which she put together 
in a portfolio she had made, and on which she asked me to write in bold printing 
letters, ‘Studies of Flowers from Nature by Annie Bessemer.’ This little inci 
dent shaped my whole future life. I thought I would write the inscription in 
gold letters, and ordered two ounces of bronze powder (called also gold powder) 
but which is really only a beautiful fine brass, intrinsically worth eight pence per 
pound. Iwas charged fourteen shillings for my two ounces of brass powder, 
with the result that a material known and used in China and Japan for more 
than 1,000 years, was still made by a roundabout hand process, hence its great 
cost. I invented an elaborate series of self-acting machines and manufactured it 
successfully. My first order was obtained by my traveller, from the Colebrook- 
dale Iron Company, for two pounds at eighty shillings per pound net. I kept 
the process a profound secret for about thirty-six years; it furnished me the 
money necessary for pursuing my many patented inventions, and then the secret 
leaked out, prices went down and down until I was selling the same article for 
which I had eighty shillings a pound, as low as two shillings and ninepence, 
when I gave up the manufacture. : 

‘But [am letting my pen run away with me, and forgetting all about Utrecht 
velvet. Between forty and fifty years ago, I was exhibiting some specimens : 
castings from natural objects, cast in white metal and which were coated by a_ 
thin film of copper deposited thereon from an acid solution of that metal. The 
Exhibition was known as ‘ Toblisses’’ Museum of Arts and Manufacture, which 
occupied the site of the present National Gallery in Trafalgar Square. 

‘** These specimens were seen and admired by Mr. Pratt, an upholsterer in Bond 
Street, and he sought me out, showing me a beautiful piece of velvet work ot 
French manufacture; he proposed to produce a similar effect by acl 


Utrecht velvet. He had tried the embossers of cotton velvet at Manchester bu' 
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they had utterly failed. This stubborn pile would not keep down, and the pat 
tern was all gone in a few weeks. 

‘I studied the question both from a chemical and a mechanical point of view, 
made some experiments and found that my plan was successful. The simple 
fact is that wool, like the hair of all animals, partakes of the property of horn, 
and is fusible by heat, but that high temperature is destructive if coutinued for 
more than a second of time, and my rollers would burn the whole fabric if worked 
too slowly. There were many details to work out, and when that was done I con- 
structed the necessary machinery at my own cost, and managed to have six shil- 
lings a yard for all the velvet I passed through the machine. The first work 
done by the machine was for the furnishing of a suite of rooms in Windsor Castle. 
With this good introduction the material became popular and fashionable, and I 
may add profitable. I inereased the demand by lowering the price, and when it 
got down to one shilling per yard, I sold the machinery to a manufacturer of 
Utrecht velvet, at Danbury ; the price eventually came down to twopence per 
yard, and then omnibusses and cabs were lined with it. My great difficulty was, 
I could find no one capable of preparing the rolls, and had, as a last resource, to 
do it myself. . . . 


Your affectionate Uncle, 


‘* HenRY BESSEMER.” 


It is worth noting that some years after he had disposed of his 
process, Sir Henry obtained a patent for casting embossed cyl- 
inders for stamping velvet and other fabrics. 

As I have said before, only one patent was taken by Bessemer 
in connection with his bronze powder industry. It is dated 
June 15, 1843, and is called “Certain improvements in the 
manufacture of Bronze and other metallic powders.” The spe- 
cification states that: ‘The metal or alloys of metal should be 
first reduced to very thin leaf, so that one pound may extend 
over about 850 superficial feet. The leaf is extended upon a 
sieve, olive oil is poured thereon and forced with the leaf through 
the sieve, and both are mixed and ground in a suitable grinding 
machine. The oil is afterwards pressed out from the metallic 
powder by putting it in bags, and subjecting it to the action of 
a hydraulic press. The residue: is allowed to crumble and is 
reduced to the conditions of bronze powder.” 


The bronze paint industry being established on a sound com- 
mercial footing, and its management entrusted to capable and 
loyal assistants, Bessemer found time to devote to other matters 
besides the production of stamped Utrecht velvet, and a variety 
of miscellaneous work. He turned his attention to processes in 
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the production of glass, and more especially to tlfe manufacture 
of sugar, and he labored at the latter from 1845 to 1853, when 
more important problems claimed his attention. Between these 
years he obtained a number of patents for improvements in 


methods for extracting the juice from the cane, and its subse-— 
quent treatment. This work had a certain commercial value at 
the time, though it possesses only a faint historic interest now. 
But there is abundant evidence that the active brain of the in- 
ventor was concentrated on the subject, and for that reason | 
must refer to it here. His first patent (Feb., 1849) refers to the | 
use of reciprocating pistons actuated by steam or other motive 
power, and working in slotted tubes or cylinders, for the purpose — 
‘of expressing the juice from the cane, previously eut into short 
lengths, and charged into the tubes. The specification also re-| 
fers to a method of maintaining the expressed juice at a constant 
temperature when passing from the press to the defecating 
vessel. 

The second patent (July, 1850) was of much importance in 
the series. Its full title is “ Certain improvements in apparatus 
acting by centrifugal force in the manufacture of sugar, and 
other improvements in the treatment of saccharine matters by — 
such apparatus.” These improvements treat ‘ of the saccharine | 
juice of the cane immediately after it has been expressed, and 
in which state it is found mixed to a greater or less extent with 
small fragments of the cane, and the arrangement of centrifugal 
filtering apparatus for separating these particles from the juice.” 
After the cane juice was thus filtered “it may be defecated by 
any of the usual methods now practised, when a certain quan- 
tity of coagulated matter will be found suspended in the juice.” 
A centrifugal filtering apparatus was then employed to effect 
the separation of this coagulated matter. This novel method 
of separation is described as adapted to various other stages in 
the process of sugar manufacture. 

Patent No. 3 (March, 1551) is of still more interest. It de- 
scribes steam-heated open pans or boilers ; vacuum concentra- 
tion pans, jacketed and steam heated ; methods of crystalliza- 
tion, and means for compressing the finished sugar into moulds. 
In February, 1852, he patented improvements on his original 
idea of plunger presses, together with several details of manu- 
facture. In the following July came another patent filled with 


miscellaneous details, and again in November, are three patents 
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for “ Improvements in apparatus for concentrating saccharine 
fluids.” Finally in July, 1853, we have the last of the series 
which deals with improvements in the final stage of crystalliza- 
tion and refining. 


I do not think that any of the patents could have repaid the | 
inventor largely for the trouble and money he expended on _* 
them, nor do I know what accident turned his inventive mind 
in a direction divergent from the main road he followed by pref- 
erence. Certain it is that he very quickly returned to metal- 
- lurgical investigations, to follow them steadily to the end of his 
active commercial career. Perhaps it was natural that in most 


j of his miscellaneous inventions—the manufacture of glass; the 7 
preparation of sugar; in his artillery ; and later in his inven- 


tion to prevent sea-sickness— Bessemer had little or no suecess, 

’ while on the other hand, in all those things which called forth 
the power of his artistic instinct, or the skill of the inventor to : 
convert crude minerals to the use of man, his suecess was as 
certain as it was great. There must have been, nevertheless, a 
certain amount of commercial vitality in the Bessemer sugar - 
patents, for T find that in 1856 a refinery on his system was in 
operation in Mill Street, Bermondsey, the property of the Brit- 
ish Refining Company, which for a time were treating from fifty 
to seventy tons of sugar a week. It is also on record that he 
sold his French patents to a French syndicate. 

In connection with the sugar machinery, it may be added 
that Bessemer acquired Baxter House, St. Pancras—later to 
become famous as the place where Bessemer steel was first 
made—for working an experimental plant. In the course of his 
experiments he imported large quantities of cane from the West 
Indies. These experiments were abandoned after the com- 
pany was formed and the works established at Bermondsey, 
while a part, at all events, of the experimental plant was sent 
to the bronze powder factory, and converted for use there. 

Ultimately it was found that the British company could not 

stand against foreign competition, and it was wound up. 


XIII. 


The Crimean War, in which the allied armies of England and 
France were combined against those of Russia, showed clearly, 
f heavy artil- 
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lery, which remained much in the same position which it oceupied — 
at the beginning of the century. It naturally followed that the 
War Office was besieged by crowds of inventors, each the pos- 
sessor of the only secret for improving ordnance, while the 
records of the Patent Office bear evidence to the flood of inven- 
tion turning in this direction. Gradually, improved systems 
came to the front, of which but few have survived ; nevertheless 
the close of the struggle marked the birth of a new era in war- 
fare. In these early times the names of Krupp and Armstrong, | 
of Whitworth, of Palliser and others, are found among the list 
of inventors, and it is natural, therefore, that that of Bessemer 
should not be absent, although in the beginning his patents’ 
referred to artillery, and not to the use of steel, as was the case 
a little later. His first patent of this kind (August, 1853) was a 
very remarkable one, though I cannot find it ever went further 
than drawing paper. It was nothing less than a breechloading 
automatic gun, in which the force of recoil was used to set in 
motion self-acting apparatus, by the ageney of water under 
pressure, or of steam, to perform the various functions of open-_ 
ing the breech, loading, closing the breech, firing and so on. 
There is of course nothing in common between the smoothbore 
cast-iron gun, discharging round shot, and the high velocity 
Maxim; still it is of great interest to bear in mind that the 
principle of automatic loading and firing was carefully de- 
scribed, and worked out in detail, more than forty years ago, by 
one of the most capable inventors of the century. 

The next year (January, 1855) we find a patent for reducing 
recoil by making openings for gas escape near the muzzle, and 
the same specification claims making ordnance by casting them 
solid, and then boring. “The metal should be prepared accord- 
ing to the process described in the specification of Letter Patent, 
granted to Henry Bessemer, January 10, 1855,” for “Improve- 
ments in the manufacture of Iron and Steel.” Henceforth in- 
ventions with regard to artillery had a wider scope to Bessemer ; 
he had found as he considered, a new material from which guns 
could be made stronger and more reliable than had been pre- 
viously possible. It should be remarked with regard to this 
patent that Bessemer had been anticipated by Krupp, so far as 
casting solid and boring out were concerned, for Krupp had 
patented the same idea in December, 1852. 

The next two patents (June and October, 1855) deal chiefly 
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with methods of casting with the new metal, but after this date 
the inventor is concerned whoily with details and new ideas. 
Then in January, 1861, we find a proposal for making a gun in 
two parts, and for casting steel projectiles which were after- 
wards stamped or rolled. The following April, he patented 
elongated projectiles with longitudinal grooves diverted at right 
angles, near the head of the shot; this was to ensure rotation. 
The specification is interesting in that it describes a method of 
strengthening old bronze guns by enlarging the bore, and insert- 
ing a lining tube, “ of copper or gun metal, or wrought iron or 
steel.” Ata later date a fierce controversy raged between two 


rival re-inventors of this method. The specification of January, 
1864, describes machinery for rolling spherical shot and has no 
great interest. In August, 1867, Bessemer patented an arrange- 
ment of breech-loading ordnance for firing heavy projectiles of 
from ove to ten tons; the scheme is, however, of little interest, 
except that it contemplates the use of air compressed to from 
5,000 to 10,000 pounds per square inch, as the propelling energy. 
In November, 1870, we have a very lengthy specification for a 
cun of great length in which the gas pressure is to be maintained 
uniform while the projectile is in the gun. This was to be 
effected by placing a steel block in the powder chamber, drilled 
with a large number of holes, perhaps one or two hundred, and 
each to contain a cartridge. Firing was to be automatic and 
successive. It is quite unnecessary to say that the invention 
was never tried; indeed one wonders to find it on our list. The 
idea of progressive explosions in a gun appears, however, to 
have possessed a special attraction to Bessemer at this time, for 
we find a second very elaborate specification on the same sub- 
ject filed by him in June, 1871. The last patent we have, bears 
only incidentally on artillery ; it is dated March, 1873, aud has 
to do with steady-platforms for mounting guns at sea; this was 
suggested by his idea for suppressing sea-sickness, an idea which 
he pursued to its unfortunate end, with his characteristic en- 


We come now to the commencement of the most important 
part of Henry Bessemer’s career, for which his previous work 
had been a long preparation, and to which he was guided by 
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following up an investigation, of itself valueless, but which led 
the way towards the most important industrial discovery of the 
century—that of the ‘“ Bessemer process.” As I have just men- 
tioned, the ineflicieney of the artillery employed by the English, 
French, and Russians during the Crimean War, encouraged a 
host of more or less practical inventors to devise new means of 
improving the durability and power of guns, and the range and 
penetration of projectiles. The end of round shot and east iron 
or bronze heavy artillery was at hand, but the direction from 
which the improvement was to come had been scarcely indi- 
cated. 

It was natural that Bessemer should be among the ranks of 
the artillery inventors. His first patent, as we have seen, dealt 
with a matter far ahead of the time; nothing less, indeed, than 
the automatic loading and firing of guns by the action of recoil. 
More practical were his further investigations. He had designed 
some elongated projectiles to be tired from a smooth bore, with 
the object of securing longer and greater penetration. 

His ideas were ingenious and practical. He spirally grooved 
his elongated shot longitudinally, concluding that the reaction of 
the powder gases would cause rotation. 

He laid his plans before the War Office, and received no con- 
sideration. Probably he did not seek for such, bearing in mind 
his past experience with government officials. But he went to 
Paris and offered his services to the Emperor Napoleon, who 
took a deep interest in the scheme. He gave Bessemer every 
possible facility. Firing trials were arranged at Vincennes, and 
thither the inventor went with a number of his projectiles—30- 
pounders. These were fired from a 4}-inch 12-pounder gun and 
fully proved the claims for rotation. But the guns were lamen- 
tably weak. On one of these occasions, Colonel Mini¢, the 
inventor of the rifle that bore his name, expressed his opinion 


to Mr. Bessemer that it was useless to fire such projectiles from 


a cast-iron gun. Stronger material was necessary. Mr. Besse- 
mer realized the truth of this objection. How to obtain a 
stronger material was the problem awaiting solution. That was 
the beginning of the Bessemer process. 

In following this investigation, the experiments of Fairbairn 
of melting scrap iron with pig probably suggested the line of 
experiments he at first decided to follow. Fairbairn, however, 
had melted his mixtures in a cupola furnace, with the result that 
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the iron was heavily charged with sulphur, and was, therefore, 
unsuited for his purpose. 

To avoid this, Bessemer used a reverberatory furnace, the grate 
of which was wider than the hearth, while arrangements were 
made to introduce a plentiful supply of air at the back of the 
bridge, which, meeting with the gases from the furnace, caused 
a continuous and intense heat to sweep over the surface of the 
hearth, and thence it flowed to a down-cast shaft leading to the 
chimney. The hearth was filled with a bath of molten pig-iron 


into which were placed broken-up pieces of blister steel made 


from Swedish and other chareoal iron. ‘The charge was melted 


— in the bath without any contact with the fuel. 


This arrangement formed the subject of the first of the long 
series of the Bessemer iron and steel patents. It is dated 


January 10, 1855, and is entitled, “The manufacture of iron and 
steel.” Amongst a description of several other suggestions we 
have the following: “ The combination by fusion of pig or cast 


iron with steel may be effected either in a reverberatory or cupola 
furnace. Thus steel may be used in a bath of molten cast iron 


in the reverberatory furnace. . . . The quantity of steel used 


with the iron will be regulated by the quality required in the 
mixture. After casting, it may be much softened by annealing.” 
This was very interesting, but it was not the Bessemer process, 
only the first practical step toward it. The results obtained 


~tmaay be best described in Sir Henry Bessemer’s own words: 


“Some of the samples of metal I produced by this process were, 
when annealed, of an extremely fine grain and great strength. 
At this stage of my experiments 1 determined on casting a 
small model gun, which in the lathe gave shavings slightly 
curled, and closely resembling the shaving from a steel ingot. 
The metal when polished also looked white and close-grained 
like steel. I was so well pleased with this casting that I took 
it over to Paris, obtaining an audience with, and showing it to, 
the Emperor, who had, in fact, encouraged me to make an 
attempt to improve the iron employed in making heavy ord- 
nance. . . . His Majesty also gave me permission to erect 
my furnace at the government cannon foundry at Ruelle, near 
Angouleme, to which place I went with proper introductions, 
for the purpose of arranging all necessary details. I also sent 
over from England several thousand special firebricks for the 
erection of the furnace.” But the furnaces at Ruelle were des- 


i 


| 
' 
an 


HENRY BESSEMER.—1813-1898. 


tined never to be completed, for by an accident the investigator’s 
attention was diverted to a different direction. I cannot do 
better than again quote Sir Henry’s own description of the 
incident: “Some pieces of pig iron on one side of the bath 
attracted my attention by remaining unmelted in spite of the 
creat heat of the furnace, and I turned a little more air through 
the fire bridge, with the intention of increasing the combustion; 
on again opening the furnace door, after an interval of half an hour, 
these two pieces of pig remained unfused. I then took an iron 
bar with the intention of pushing them into the bath, when I 
discovered they were merely thin shells of decarbonized iron, 
thus showing that atmospheric air alone was capable of wholly 
decarbonizing pig iron and converting it into malleable iron 
without puddling, or any other manipulations. It was this that 
gave a new direction to my thoughts, and after due considera- 
tion I became convinced that if air could be brought in contact 
with a sufficiently extensive surface of molten crude iron, the 
latter would rapidly be converted into malleable iron.” 

This accident was at onee turned to account, and an interest- 
ing series of experiments carried out; but before we refer to— 
these I may trace as briefly as possible the progress of the 
invention as shown in the Patent Office’s records. I have already 
referred to the first; the second is dated 17th October, 1855, 
“The Manufacture of Cast Steel.” In this a furnace was em-_ 
ployed large enough to contain a series of crucibles, into each 
of which depended nearly to the bottom a pipe perforated with 
holes, but closed at the end. When the molten pig iron was 
charged with the crucibles, steam at first, and air under pressure 
afterwards, was forced through the pipes, with the molten metal 
escaping upwards. “ Air is used to complete the operation ; the 
change will soon became apparent; the metal, which may have 
lost much of its heat during the steaming process, will rapidly — 
brighten up, an increase of flame will be observed, and a rapid 
increase in the temperature of the metal will take place.” 
This is a very important point, because it shows how clearly 
Bessemer appreciated the end in view and the general way of 
attaining it, though his mechanical details were still crude and 
imperfect. He says: “The state of the metal may be tested 
by dipping out a sample, as practised in refining copper; if too 
much carbon is retained the pipe may again be introduced for a 
short time, or a small quantity of scrap iron may be put into it ; 
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but if too much carbon has been driven off, an addition may be 
made of some melted iron from the finery or cupola furnace.” 

Next comes a specification dated December 7, 1855—‘ The 
manufacture of iron,”’ in which the turning converter is first de- 
scribed. “The molten iron is to be refined after it leaves the 
blast furnace, and is still in a fluid state ; for this purpose it is 
run into a preferably spherical or egg-shaped iron vessel lined 
with fire brick or other refractory material being a slow con- 
ductor of heat. The vessel is supported on a frame, and is 
fitted with a handle for tipping it to pour out its contents. By 
means of jointed or flexible or other pipes, a blast of air or 
steam or both is conveyed—below the surface of the molten 
metal, which it bubbles up, a highly heated blast of air being re- 
quired. In either case the oxygen thus introduced into the 
metal will carry off a large portion of carbon and the impuri- 
ties.” The characteristics of blowing a charge are described in 
the specifications. 

“ During the operation the metal undergoes ebullition and in- 
—ereases in temperature; the appearance of the flame, sparks, 
and slag issuing from the top of the crucible indicate the state 
of the metal. After the operation has continued for about half 
an hour the flame gradually diminishes, and thus indicates to 
the workman that the process is completed, and that. the crude 
metal has been converted into a nearly pure malleable iron.” 
The patents dated January 4 and February 12, 1856, deal with 
improved and new mechanical details of the process, and on the 
following March 15th we find an interesting development of the 
suggestion for recarburizing referred to in the specification of 
October 7, 1855. “ Carbonaceous matters, such as charcoal, an- 
thracite, or carbonate of iron, rich in carbon, may be placed in 
the crucible or vessel with the metal—or gases produced by 
passing air or steam through ignited fuel, may be forced into 
the molten metal. The gases thus used may have either a car- 
burizing or decarburizing effect, whereby the inventor can pro- 
duce either malleable iron or steel as described.” 

Now we will turn from the Patent Office record to the new 
series of experiments conducted by Mr. Bessemer at Baxter 
House, St. Pancras. After the incident which led him to aban- 
don the reverberatory furnace, the period extends from about the 
middle of 1855 to the middle of 1856, when he prepared his fa- 


mous paper for the British Association for the Advancement of 
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Science. Accident had shown him that air alone would decarbu- 
rize pig iron; this, therefore, was the line he decided to follow. 
He carried out a series of experiments with crucibles containing 
melted pig iron, and exposed it to the action of a blast of air 
admitted near the bottom of the charge, as described in his 
. specification of Oetober 17, 1855, above referred to. The cruci- 
bles were half filled, the charge in each being about ten pounds 
of metal, and this, after half an hour's blowing, was converted 
into soft malleable iron. So far so good ; ; the complete decar- 
_burizing action was proved, but the crucible had to be kept at 
a high temperature ina furnace. 
XV. 

The problem now was to decarburize the charge completely, 
and to keep it in a fluid condition by the vehement combustion 
of impurities maintained by a sufficient blast of air forced into 
the molten mass under considerable pressure. The converter 
was a fixed cylindrical fire-clay lined chamber, with a row of 
tuyeres round it near the bottom, and a hole at the top for the 
escape of gases. The charge was ten hundredweight, and the 
- pressure of the blast about fifteen pounds. After the blast had 
been turned on for about ten minutes all remained quiet; then 
issued such an eruption of sparks and flames, such a succession 


of explosions and discharges of molten slags, that all the spec- 


tators were desperately alarmed, and the building was nearly set 
on fire. After a time the voleanie action ceased, and on empiy- 
iny the converter the charge was found to be changed into 
“wholly decarburized malleable iron.” In this way the Besse- 
mer process came into existence ; all that remained was patient 
investigation and modification of mechanical details ; and the far 
more difficult task of overcoming prejudice, disbelief, and hos- 
tility. Many years had to pass before these latter difficulties 
were subdued. 

In February, 1856, the converting vessel on trunnions was 
patented, naturally in a somewhat crude form, though the ex- 
periments at Baxter House were carried on in fixed converters ; 
at all events this was so as late as August, 1856, when his Brit- 
ish Association paper was written. But during the whole of 
that year he had not ceased to improve the details of the pro- 
cess, more especially giving his attention to the production of 
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steel in the converter. In this connection the patent of May 
dist is of interest; it was by this patent he was the first to 
claim casting under hydraulic pressure, a claim under which Sir 
Joseph Whitworth paid royalty some years afterwards. 

As may be readily supposed these experiments had not taken 
place in silence. Bessemer was at that time an eminently suc- 
cessful man whose position in practical science was assured. The 
new process, so revolutionary in its method, so unlimited in its 
application and development—if half were true that was said 
about it—created a profound sensation in certain small circles, 
and the announcement that he would read on August 13, 1856, 
a paper on his process, before the British Association for the 
Advancement of Science, which that year met in Cheltenham, 
was received with the deepest interest, heightened by the some- 
what sensational title, “On the Manufacture of Malleable Tron 
and Steel without Fuel.” I have no hesitation in reproducing 
this paper here ; it possesses deep interest, and is a somewhat 
rare document, the members of Council of the British Associa- 
tion having sagaciously decidéd subsequently that it was not 
worthy to find a place in their Transact /ons. 

Mr. Bessemer has placed on record how the writing and read- 
ing of this paper came about: “T consulted Mr. George Rennie, 
the eminent civil engineer. I showed him a small upright fixed 
cylindrical converter, and in it we made a charge of seven hun- 
dred weight of Blaenavon pig iron into an ingot of malleable iron. 
Mr. Rennie was in raptures with the result, and said, ‘You must 
not keep the light under a bushel for a single day longer; and, 
by the bye, there is a first-rate opportunity for you. The British 
Association meets at Cheltenham next Tuesday; read a paper 
there, by all means. I am president of the mechanical section ; 
it is true all the papers are arranged, but if you will write a 
paper I will take the responsibility of placing it first on the list.’ 
He kept his promise, and I read my paper on the ‘Manufacture 
of Malleable Iron without Fuel,’ which appeared verbatim in 
the next day’s Times.” 

The following is the text of the paper: ss 


“The manufacture of iron in this country has attained such an important posi- 
tion that any improvement in this branch of our national] industry cannot fail to 
be a source of general interest and will, I trust, be sufficient excuse for the pres- 
ent brief and, I fear, imperfect paper. I may mention that for the last two years 
my attention has been almost exclusively directed to the manufacture of malle- 
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able iron and steel in which, however, I had made but little progress until within 
the last eight or nine months. The constant pulling down and rebuilding of 
furnaces and the toil of daily experiments with large charges of iron had already 
begun to exhaust my stock of patience, but the numerous observations I had 
made during this very unpromising period all tended to confirm an entirely new 
view of the subject which at that time forced itself upon my attention, viz., that I 
could produce a much more intense heat without any furnace or fuel than could 
be obtained by either of the modifications I had used ; and, consequently, that I 
should not only avoid the injurious action of mineral fuel on the iron under 
operation, but I should, at the same time, avoid also the expense of fuel. Some 
preliminary trials were made on from 10 pounds to 20 pounds of iron, and, 
although the process was fraught with considerable difficulty, it exhibited such 
nnmistakable signs of success as to induce me at once to put up an apparatus 
capable of converting about 7 hundredweight of crude pig iron into malleable 
iron in 30 minutes. With such masses of metal to operate on, the difficulties 
which beset the small laboratory experiments of 10 pounds entirely disappeared. 
On this new field of inquiry I set out with the assumption that crude iron con 
tains about five per cent. of carbon ; that carbon cannot exist at a white heat in 
the presence of oxygen without uniting therewith and producing combustion ; 
that such combustion would proceed with a rapidity dependent on the amount of 
surface of carbon exposed ; and, lastly, that the temperature which the metal 
would acquire would be also dependent on the rapidity with which the oxygen 
and carbon were made to combine, and consequently that it was only necessary 
to bring together the oxygen and carbon in such a manner that a vast surface 
should be exposed to their mutual action in order to produce a temperature 
hitherto unattainable in our largest furnaces, With a view of testing practically 
this theory 1 constructed a cylindrical vessel 3 feet in diameter, and 5 feet in 
height, somewhat like an ordinary cupola furnace, the interior of which is lined 
with firebricks, and at about 2 inches from the bottom of it I insert five tuyere 
pipes, the nozzles of which are formed of well-burned fire-clay, the orifice of each 
tuyere being about 2 of an inch in diameter ; they are so put into the brick lining 
(from the outer side) as to admit of their removal and renewal in a few minutes 
when they are worn out. At one side of the vessel, about half way up from the 


bottom, there is a hole made for running in the crude metal, and on the oppo 


site side there is a tap-hole stopped with loam, by means of which the iron is— 

run out at the end of the process. In practice this converting vessel may be 
made of any convenient size, but 1 prefer that it should not hold less than one, 
or more than five, tons of fluid iron at each charge. The vessel should be placed 
so near to the discharge hole of the blast furnace as to allow the iron to flow 

along a gutter into it; a small blast cylinder will be required capable of com- 
pressing air to about 8 or 10 pounds to the square inch. A communication 

having been made between it and the tuyeres before named, the converting 
vessel will be in a condition to commence work ; it will, however, on the 

oceasion of its being used after relining with firebricks, be necessary to 
make a fire in the interior with a few buckets of coke, so as to dry the brick- 
work and heat up the vessel for the first operation, after which the fire is to be 
all carefully raked out at the tapping hole which is again to be made good with 
loam. The vessel will then be in readiness to commence work, and may be so 
continued without any use of fuel until the brick lining in the course of time 
becomes worn away and a new lining is required. I have before mentioned that 

the tuyeres are situated close to the bottom of the vessel ; the fluid metal wil! 
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therefore rise some eighteen inches or two feet above them. It is therefore 
necessary, in order to prevent the metal from entering the tuyere holes, to turn 
on the blast before allowing the fluid crude iron to run into the vessel from the 
blast furnace. This having been done, and the fluid iron run in, a rapid boiling 
up of the metal will be heard going on within the vessel, the metal being tossed 
violently about and dashed from side to side, shaking the vessel by the force with 
which it moves from the throat of the converting vessel. Flame will then imme- 
diately issue accompanied by a few bright sparks. This state of things will con- 
tinue for about fifteen or twenty minutes, during which time the oxygen in the 
atmospheric air combines with the carbon contained in the iron, producing car- 
bonic acid gas and at the same time evolving a powerful heat. Now, as this heat 
is generated in the interior of, and is diffused in innumerable fiery bubbles 
throughout the whole fluid mass, the metal absorbs the greater part of it, and its 
temperature becomes immensely increased, and by the expiration of the fifteen or 
twenty minutes before named that part of the carbon which appears mechanically 
mixed and diffused through the crude iron has been entirely consumed. The 
temperature, however, is so high that the chemically combined carbon now 
begins to separate from the metal, as is at once indicated by an immense increase 
in the volume of flame rushing out of the throat of the vessel. The metal in the 
vessel now rises several inches above its natural level and a light frothy slag 
makes its appearance, and is thrown out in large foam-like masses. This violent 
eruption of cinder generally lasts alout five or six minutes, when all further 
appearance of it ceases, a steady and powerful flame replacing the shower of 
sparks and cinder which always accompanies the boil. The rapid union of carbon 
and oxygen which thus takes place adds still further to the temperature of the 
metal, while the diminished amount of carbon present allows a part of the oxygen 
to combine with the iron, which undergoes combustion and is converted into an 
oxide. At the excessive temperature that the metal has now acquired the oxide, 
as soon as formed, undergoes fusion, and forms a powerful solvent of those 
earthy bases that are associated with the iron. The violent ebullition which is 
going on mixes most intimately the scoria and the metal, every part of which is 
thus brought into contact with the fluid oxide which will thus wash and cleanse 
the metal most thoroughly from the silica and other earthy bases which are com- 
bined with the crude iron, while the sulphur and other volatile matters which 
cling so tenaciously to iron at ordinary temperature are driven off, the sulphur 
combining with the oxygen and forming sulphurous acid gas. The loss of weight 
of crude iren during its conversion into an ingot of malleable iron was found on 
a mean of four experiments to be 124 per cent., to which will have to be added 
the loss of metal in finishing rolls. This will make the entire loss probably not 
less than 18 per cent. instead of above 28 per cent., which is the loss on the pres- 
ent system. A large portion of this metal is, however, recoverable by treating 
with carbonaceous gases the rich oxides thrown out of the furnace by the boil. 
These slags are found to contain innumerable small grains of metallic iron which 
are mechanically held in suspension in the slags and may be easily recovered. I 
have before mentioned that after the boil has taken place a steady and powerful 
flame succeeds, which continues without any change for about ten minutes, when 
it rapidly falls off. As soon as this diminution of flame is apparent the workman 
will know that the process is completed, and that the crude iron has been con- 
verted into pure malleable iron, which he will form into ingots of any suitable 
size and shape by simply opening the tap-hole of the converting vessel and allow- 
ing the fluid malleable iron to flow into ingot moulds placed there to receive it. 
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The masses of iron thus formed’ will be perfectly free from any admixture of 
cinder, oxide, or other extraneous matters, and will be far more pure, in a more 
forward state of manufacture than a pile formed of ordinary puddle bars. And 
thus it will be seen that by a single process requiring no manipulation or particu- 
lar skill and with only one workman, from three to five tons of crude iron pass 
into the condition of several piles of malleable iron in from thirty to thirty-five 
minutes, with the expenditure of about one-third part the blast now used ina 
finery furnace with an equal charge of iron, and with the consumption of no 
other fuel than is contained in the crude iron. To those who are best acquainted 
with the nature of fluid iron it may be a matter of surprise that a blast of cold 
air forced into melted crude iron is capable of raising its temperature to such a 
degree as to retain it in a perfect state of fluidity after it has lost all its carbon 
and is in the condition of malleable iron, which in the highest heat of our forges 
only becomes softened into a pasty mass. But such is the excessive temperature 
that Iam enabled to arrive at with a properly shaped converting vessel and a 
judicious distribution of the blast, that I am enabled not only to retain the 
fluidity of the metal, but to create so much surplus heat as to remelt the crop 
ends, ingot runners, and other scrap that is made throughout the process, and 
thus bring them without labor or fuel into ingots of a quality equal to the rest of 
the charge of new metal. For this purpose a small arched chamber is formed 
immediately over the throat of the converting vessel, somewhat like the tunnel 
head of the blast furnace. This chamber has two or more openings on the side 
of it, and its floor is made to slope downwards to the throat. As soon as a charge 
of fluid malleable iron has been drawn off from the converting vessel the work- 
man will take the scrap intended to be worked into the next charge and proceed 
to introduce the several pieces into the small chamber, piling them up around 
the opening of the throat. When this is done he will run in his charge of crude 
metal and again commence the process. By the time the boil commences the bar 
ends and other scrap will have acquired a white heat, and by the time it is over 
most of them will have been melted and run down into the charge. Any pieces, 
however, that remain may then be pushed in by the workman, and by the time 
the process is completed they will all be melted and ultimately combined with 
the rest of the charge, so that all the scrap iron, whether cast or malleable, may 
thus be used up without any loss or expense. As anexample of the power that 
iron has of generating heat in this process I may mention a circumstance that 
occurred to me during my experiments. 

‘*T was trying how small a set of tuyeres could be used ; but the size chosen 
proved to be too small, and after blowing into the metal for one hour and three 
quarters, I could not get up heat enough with them to bring on the boil. The 
experiment was, therefore, discontinued, during which time two-thirds of the 
metal solidified, and the rest was run off. A larger set of tuyere-pipes were then 
put in, and a fresh charge of fluid iron run into the vessel, which had the effect 
of entirely remelting the former charge, and when the whole was tapped out it 
exhibited, as usual, that intense and dazzling brightness peculiar to the electric 
light. 

“To persons conversant with the manufacture of iron it will be at once apparent 
that the ingots of malleable metal which I have described will have no hard or 
steely parts, such as is found in puddled iron, requiring a great amount of rolling to — 
blend them with the general mass, nor will such ingots require an excess of roll- 
ing to expel cinder from the interior of the mass, since none can exist in the ingot, 
which is pure and perfectly homogeneous throughout, and hence requires only as_ 
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much rolling as is necessary for the development of fibre; it therefore follows 
that instead of forming a merchant bar or rail by the union of a number of sepa- 
rate pieces welded together, it will be far more simple and less expensive to make 
several bars or rails from a single ingot; doubtless this would have been done 
long ago had not the whole process been limited by the size of the ball which the 
puddler could make, 

; «The facility which the new process affords of making large masses will enable 
the manufacturer to produce bars that on the old mode of working it was impos 
_ sible to obtain ; while, at the same time, it admits of the use of some powerful 
machinery whereby a great deal of labor will be saved, and the process be greatly 

expedited. I merely mention this fact in passing, as it is not my intention at the 

present moment to enter upon any details of the improvements I have made in 

- this department of the manufacture, because the patents which I have obtained 
for them are not yet specified, Before, however, dismissing this branch of the 
subject, I wish to call the attention of the meeting to some of the peculiarities 
which distinguish cast steel from all other forms of iron, namely, the perfect 
homogeneous character of the metal, the entire absence of sand-cracks or flaws, 

and its greater cohesive force and elasticity as compared with the blister steel 

‘from which it is made, qualities which it derives solely from its fusion and 

~ formation into ingots, all of which properties malleable iron acquires in like 
“manner by its fusion and formation into ingots in the new process. Nor must it 
_ be forgotten that no amount of rolling will give to blister steel (although formed 
of rolled bars) the same homogeneous character that cast steel acquires by a mere 
extension of the ingot to some ten or twelve times its original length. 

: ‘One of the most important facts connected with the new system of manufac- 

_ turing malleable iron, is that all iron so produced will be of that quality known as 
charcoal iron, not that any charcoal is used in its manufacture, but because the 
whole of the processes following the smelting of it are conducted entirely with- 
out contact with or the use of any mineral fuel ; the iron resulting therefrom will, 
in consequence, be perfectly free from those injurious properties which that de- 
— scription of fuel never fails to impart to iron that is brought under its influence. 
At the same time, this system of manufacturing malleable iron offers extraordi- 
nary facility for making large shafts, cranks, and other heavy masses ; it will be 
obvious that any weight of metal that can be found in ordinary cast iron by the 

means at present at our disposal may also be found in molten malleable iron, and 
be wrought into the forms and shapes required, provided that we increase the 

_ size and power of the machinery to the extent necessary to deal with such large 
masses of metal. A few minutes’ reflection will show the great anomaly pre- 
_ sented by the scale on which the consecutive processes of iron making are at 
present carried on, The little furnaces originally used for smelting have assumed 

colossal proportions, and are made to operate on 200 or 300 tons of material at a 
time, giving out 10 tons of fluid metal at a single run. The manufacturer has 
thus gone on increasing the size of his smelting furnaces and adapting to their 

use the blast apparatus of the requisite proportions, and has by this means les- 

sened the cost of production in every way; his large furnaces require a great 
deal less labor to produce a given weight of iron than would have been required 
to produce it with a dozen furnaces, and in like manner his cost of fuel, blast, 
and repairs, while he ensures a uniformity in the result that never could have 
been arrived at by the use of a multiplicity of small furnaces. While the manu- 
facturer has shown himself fully alive to these advantages, he has still been un- 


der the necessity of leaving the succeeding operations to be carried out on a seale 
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wholly at variance with the principles he has found so advantageous i in the smelt- 
ing department. It is true that hitherto no better method was known than the 
puddling process, in which from 400 weight to 500 weight of iron is all that can be 
operated upon at a time, and even this smal] quantity is divided into homeopathic 
doses of some 70 pounds or 80 pounds, each of which is moulded and fashioned by 
human labor, carefully watched and tended in the furnaces, and removed there- 
from one at a time to be carefully manipulated and squeezed into form. When we 
consider the vast extent of the manufacture, and the gigantic scale on which the 
early stages of the process is conducted, it is astonishing that no effort should have 
been made to raise the after processes somewhat nearer to a level commensurate 
with the preceding ones, and thus rescue the trade from the trammels which have 
so long surrounded it. 

‘* Before concluding these remarks, I beg to call attention to an important fact 
connected with the new process, which affords peculiar facilities for the manufac- 
ture of cast steel. At that stage of the process immediately following the boil, 
the whole of the crude iron has passed into the condition of cast steel of ordinary 
quality ; by the continuation of the process the steel so produced gradually loses 
its small remaining portion of carbon, and passes successively from hard to soft 
steel, and from soft steel to steely iron, and eventually to very soft iron ; hence 
at x certain period of the process any quality of metal may be obtained ; there is 
one in particular, which by way of distinction I call semi-steel, being in hardness 
about midway between ordinary cast steel and soft malleable iron. This metal 
possesses the advantage of much greater tensile strength than soft iron ; it is elso 
more elastic, and does not readily take a permanent set, while it is much harder, 
and is not worn or indented so easily as soft iron; at the same time it is not so 
brittle or hard to work as ordinary cast steel. These qualities render it eminently 
well adapted to purposes w here lightness and strength are specially required, « 
where there is much wear, as in the case of railw ay bars, which, from their a, 


a fraction less than iron, because the loss of metal that takes place by oxidation 
in the converting vessel is about 24 per cent. less than it is with iron ; but, as it 


7 
ness and !amellar texture, soon become destroyed. ‘The cost of semi-steel will : 
is a little more difficult to roll, its cost per ton may fairly be considered to be the 7 


same as iron, But as its tensile strength is some 30 or 40 per cent. greater 

than bar iron, it follows that for most purposes a much less weight of metal may 

be used, so that taken in that way the semi-steel will form a much cheaper me 4 
om any with which we are at present acquainted. 

‘In conclusion, allow me to observe that the facts which I have had the honor 
to bring before the meeting have not been enlisted from mere laboratory experi- 
ments, but have been the result ef working on a scale nearly twice as great as is’ 
pursued in our largest iron works, the experimental apparatus doing 7 ewt. in 30 
minutes, while the ordinary puddling furnace makes only 44 ewt. in two hours, 
which is made into six separate balls, while the ingots, or blooms, are smooth, — 
even prisms 10 inches square by 380 inches in length, weighing about equal to ten 
ordinary puddle balls.” : 


In spite of the brief notice, the somewhat sensational title. es 
this paper had attracted much attention, and not a few persons 
whose names then stood deservedly high as manufacturers of | 
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iron were present chiefly to ridicule the author of such an 
absurd proposition. Contrary, however, to all expectations, the 
paper was enthusiastically received, and one ironmaster, who in 
the first instance had shown much incredulity, offered to place 
his works at Mr. Bessemer’s disposal for any experiments he 


desired to make. Mr. James Nasmyth, who was present, with 
appreciative enthusiasm, held up at arm’s length one of Mr. 
Bessemer’s samples, exclaiming: “Here is a true British 
nugget!” This bar of iron was rolled, piled, and re-rolled at 
Woolwich Arsenal, and fully proved the soundness of the prin- 
ciple on which the invention was based. 

The historic paper in a few days became a theme for the 
whole newspaper press of the country. Many ironmasters 
- rushed up to London in hot haste to see Mr. Bessemer, fearing 

that the new process might be monopolized; one large firm 
(only three days after the reading of the paper) made a formal 
offer of £50,000 for the English patent, which was, however de- 
clined. The impression produced on the minds of practical 
ironmasters by the announcement of the invention, may be 
imagined, when we state that within one month from the 
appearance of Mr. Bessemer’s paper in the J'imes, no less than 
£27,000 had been received for licenses to use the invention in 
Great Britain alone. All this excitement and premature action 
had naturally very unfortunate results. At the time Bessemer 
had only a very limited knowledge of the capacity of his inven- 
tion, which was of course in an experimental stage ; and still 
less did the enterprising ironmasters know what ores were suit- 
able for treatment. Trials of the process were hastily made at 
several works throughout the country, all ending in failure for 
want of care and knowledge. Mr. Bessemer and his process 
were condemned as loudly and unreasonably as he had been 
praised, and once more the press was busy, but this time in 
showing that the invention for which such great results had 
been claimed, was nothing more than the dream of a wild en- 
thusiast ; one journal described the process as “a brilliant 
meteor that had flitted across the metallurgical horizon, dazzling 
all beholders for a moment, only to die out and leave no trace 
behind.” 

Scientists invented theories to show how it never could have 

succeeded, and practical iron and steel makers joined in con- 
demning the folly, as they deemed it, of those few of their num- 
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ber who had been weak enough to believe in its practicability. 
Experience, they said, had clearly shown that the most power- 
ful furnaces then known, with the most lavish expenditure of 
fuel, applied for any amount of time, were insufficient to fuse 
pure malleable iron on a commercial scale ; yet Mr. Bessemer 
proposed to arrive at this unattainable temperature in masses 
of five tons, in the short space of twenty minutes wholly with- 
out the use of fuel, except such as was supplied by the impuri- 
ties of the crude iron itself. How, it was asked, could any 
practical man have been so foolish as for one moment to have 
entertained such a proposal ? 

So unanimous was the condemnation and abuse, at this 
period, that the Council cf the British Association, as I have 
already said, came to the conclusion that so great a fallacy 
ought not to be encouraged by its publication in their 7vansac- 
tions, and notwithstanding the loud acclamations with which 
the paper had been received when it was read, and in spite of 
the proofs afforded of its correctness in principle by the exhibi- 
tion at the meeting of rolled bars made by the process, that 
body supported the universal condemnation, by omitting all 
mention of the paper in their published Transactions. 

I would have liked to add here the names of those leaders . 
science, who thus distinguished themselves. They ought to be 
placed on record. : 

With this universal condemnation of the process, what did 
Mr. Bessemer do? He had more than recouped himself for his 
first outlay and loss of time by the receipt of £27,000 which had 
been voluntarily offered him for licenses by persons who had 
sought him out, and were willing to back their own opinion of 
its merits, and who would, under the terms arranged, reap an 
immense return in case the process turned out successful when 
tried on a commercial scale. He might, therefore, have retired 
from the field, accepting the verdict passed on his invention: 
but he knew that the various reasons assigned for its failure by 
practical ironmakers were wholly fallacious, and that the de- 
fects which had presented themselves did not touch the prin- | 
ciple on which the invention was based. Instead, therefore, of 
wasting time in arguing the question with a multitude of antag- 
onists, as a weaker man would have done, he addressed himsel. _ 
to overcome the difficulties of detail. The task was a great one 
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apparatus were constructed at the Baxter House works, to be 
pulled down and rebuilt or altered ; thousands of pounds were 
spent in experiments, and some two years passed away in this 
incessant prelimins ury work. But Mr. Bessemer never lost 
heart, or yielded to the solicitation of his friends, who again 
and again urged him to give up; this he would not do, as he 
knew he was getting nearer to the end of his labors; the rapid. 
wear of vessels from excessive heat had been remedied; the 
necessity of tapping the vessel had been evaded by mounting it 
on trunnions; the distribution of the metal into a number of 
moulds, while still fluid, had been perfected ; during the third 
year —1858—success was achieved, and steel of excellent quality 
was made at Baxter House from molten pig iron in fifteen min- 
utes, without the employment of skilled labor, without manipu- 
lation of any kind, and without the employment of fuel. At last 
the correctness of the views enunciated in the paper read at 
Cheltenham was clearly demonstrated, and all the theories set 
up both by scientists and practical men to show the impossi- 
bility of the process were utterly demolished. 

But after this was done, a new and powerful opposition was 
set up in the steel trade. Those who had disbelieved were con- 
vinced and alarmed; a combination was formed to generally 
disparage and talk down the process, and so effectually, that 
every effort to induce steelmakers of Sheffield to give it a trial 


was unsuccessful. Circumstances, however, were now wholly 


changed, and Mr. Bessemer, with assured success laboriously 
achieved, was in no mood to yield to this nature of obstruction. 
He determined, therefore, in 1858, to erect steel works in Shef- 
field itself, in the heart of the enemy’s country, and thus openly 
oppose and undersell the stee am in his own market. By 
this bold stroke of policy he finally succeeded in introducing 
the process that has effected an entire revolution in some of the 
aeainaee branches of the iron trade of the world. 


During the whole of this trying period, in the face of ridicule 
and of opposition, with discouragement intensified by the recol- 
lection of the brief triumph obtained at Cheltenham, and in the 
presence of constant financial straits, Bessemer never despaired. 
He knew that he was right and that the time would come when 
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those loudest in their abuse would be put to shame. Carrying 
the war into the enemies’ camp at Sheffield was a stroke of 
genius. He could not start large works; his means would not 
permit that. In fact, the total capital available was less than 
£12,000. Messrs. Bessemer & Longsdon subscribed about 
£6,000; Messrs. W. & G. Galloway, £5,000, and Mr. W. D. 
Allen, £500. These were narrow means with which to enter on 
so great a struggle, but as we shall see, they sufficed. 

I have explained how the boyish intimacy between Bessemer 
and the Allens had strengthened as time went on; how it had 
been cemented by marriage, and how one of the Allen brothers 
—Richard—controlled the bronze powder secret business. A 
younger brother, William D. Allen, had left school when he was 
fourteen, and Bessemer eleven years older. Shrewd and ener- 
getic, W. D. Allen became (as I have said) young Bessemer’s 
confidential assistant in the many interests he was then push- 


ing in his embossing trade; the type-founding; the sugar 
machinery ; to some small extent in the bronze powder business ; 
and in his earliest experiments at Baxter House. From that 
time to the end of his life, two years ago, W. D. Allen was iden- 
tified with the Bessemer process. Throughout the period of 


struggle, and later through all the long time of success and 
prosperity, he and Bessemer stood side by side. I shall have 
more to say about Mr. Allen when I come to speak of the part — 
taken by Alexander Holley in the development of the Bessemer 
process. 


The eighteen months that followed the reading of the famous — 
paper at Cheltenham were probably the hardest months of 
Bessemer’s long life. 

The paper which he read before the Institution of Civil 
Engineers on the 24th of May, 1859, shows us clearly how far 
he had progressed since his first experiments in the fixed verti 
cal converter. It is entitled the “Manufacture of Malleable 
Iron and Steel,” and I take from it the following extracts : 


“It need not, therefore, be a matter of surprise that when it was first proposed 
by the author to convert crude pig iron into malleable iron while in a fluid state, 
and to retain the fluidity of the metal for a sufficient time to admit of its being 
cast into moulds without the employment of any fuel in the process, that this — 
proposition was almost generally looked upon as a chimera, or as the mere day- 
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dream of an enthusiast, which the quiet everyday practical man felt bound to 
disbelieve, although the laws on which the whole theory of the invention was 
based were well known, hence the process was recognized from the very first by 
many of the scientific men of the day. The theory which was advanced in the 
original paper, read at the British Association at Cheltenham in August, 1856, and 
the experiments subsequently shown in London, sufficed to demonstrate three 
most important and incontrovertible facts : first, that crude pig iron could be 
wholly decarburized while still retaining the fluid state ; secondly, that by the 
injection of atmospheric air into the fluid metal the combustion thereby produced 
would, in the absence of fuel, raise the temperature of the metal to a degree never 
before attained in metallurgical operations ; and thirdly, that the iron so decar- 
burized without the employment of fuel would retain its fluidity long enough to 
enable it to be cast into ingots capable of extension under the hammer or the 
rolls. Nothing that has since been discovered has altered, or even modified these 
facts. The same apparatus as that shown in London nearly three years ago will, 
with the proper quality of pig iron and the practical knowledge since acquired, 
produce both malleable iron and steel equal to any of the samples now exhibited. 
It is singular to observe how prone the practical man is to deny to the inventor 
of a new process that very practical knowledge which he himself so much values. 
If the inventor cannot show in the first week of his apprenticeship the skill 
which is well known can only be acquired by years of practice, it suffices to con- 
demn the new system which, in its mere infancy, is expected to be as perfect in 
all its details as that which the manufacturers have grown gray in the daily 
practice of. The same deep conviction of the truth on which the new process is 
based, and which led the author to bring it before the British Association, has 
since determined him (in spite of the opinions loudly expressed against the 
process) to pursue one undeviating course until the present time, and to remain 
silent for years under the scepticism of those who predicted its failure, rather than 
again to bring forward the invention until he had himself practically and com- 
mercially worked the process, and produced by it both iron and steel of a quality 
which could not be surpassed by any specimens of those metals made by the 
tedious and expensive processes now in general use. The want of success which 
attended some of the early experiments was accounted for by practical iron- 
makers in various ways. The majority contended that the metal was burned, or 
destroyed by the excessive temperature it acquired in the process ; others declared 
that the metal was too dry, and that it could never become tough or fibrous, 
except by a plentiful admixture of cinder ; while a third section traced every fault 
to the crystalline condition of cast metal, which they said could never become 
tough or capable of bending safely after having once been in a fluid state. 
Either of these supposed causes of failure would, if well founded, have sufficed 
to utterly destroy the whole value of the process. Objections of so grave a char- 
acter, vehemently urged by practical ironmakers, were sufficient to damp the 
energy of the inventor, who saw that bis only hope of success lay in the proof 
that these practical men were wholly in the wrong. Mature reflection convinced 
him that the objections so advanced were groundless, and that the reasons 
assigned had nothing whatever to do with the failure in those cases where 
failure had ensued. The practical man had learned from long experience that 
when masses of tough fibrous iron were kept for a long period of time at a high 
temperature the metal would gradually assume a crystalline texture and become 
what is termed burnt iron, Applying this isolated fact, therefore, to the new 
process, he arrived at once at the conclusion that the high temperature of the 
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iron during the Bessemer process produced the same result, without taking into 
consideration the fact that the metal in the Bessemer process was a fluid, and in 
that condition it was wholly unaffected by any law of crystallization, and that the 
pouring of such metal into a cold cast-iron mould and its consequent solidifica- 
tion in one or two minutes afforded no time for the formation of large and well 
defined crystals, which can only result from a slow aggregation of atoms, as in 
large forgings, where the time allowed for the development of the crystal varies, 
say from one hundred to five hundred hours, whereby the planes of cleavage of 
the mass are so perfectly marked as to form lines of separation and consequently 
of weakness in the metal. 

‘*As to the second objection—the impossibility of producing a tough, strong, or 
fibreus iron, without an admixture of cinder—this is a similar error, It will be 
readily understood that puddled iron may easily become too dry, that is, the 
separate granules may become coated with a dry hard scale, such as is produced 
by heating an iron bar to redness. Pieces of iron, so oxidized, would not adhere 


together. But if a little sand be thrown on to a surface so oxidized, a fluid sili- 
cate of iron or ‘‘ cinder” will be formed. If pressure be then applied to two or 
more surfaces of highly heated iron, with this fluid, the latter will be displaced, 
and the metallic surfaces, coming into actual contact, a union will be effected, 
It will be obvious, however, that these facts in no way apply to metal formed 
into a mass while fluid, there being no oxidized surface to prevent the uniform 
and perfect cohesion of every particle of the whole mass. 

“The third objection that iron, once rendered fluid, could never become tough 
and capable of bending, is wholly disproved by the samples produced, which 
sufficiently show the enormous amount of strain which iron rendered crystalline 
by fusion only, is capable of sustaining before rupture. It must be borne in 
mind, that the fracture of rolled metal does not necessarily show this so-called 
fibrous condition, for if a perfect and equal amount of cohesion exists among all 
the particles of the mass, the fracture will follow the line of force, and the bar 
will break in nearly a straight line through the smallest part. The long-jagged 
irregular fracture, which takes p'ace on breaking puddled iron, is only an addi- 
tional proof of its weakness and want of uniformity of texture, produced chietly 
by the diffusion of cinder throughout the mass, giving to it a flaky or laminated 
texture, lessening its cohesion. 

‘‘Chemical investigation soon pointed out the real source of difficulty. It was. 
found that, although the metal could be wholly decarburized and the silicon be — 
removed, the quantity of sulphur and phosphorus was but little affected. As 
different samples were carefully analyzed, it was ascertained that the red short ; 
ness was always produced by sulphur, when present to the extent of one-tenth 
per cent., and that cold shortness resulted from the presence of a like ato 


of phosphorus. It therefore became necessary to remove these substances. 
Steam and pure hydrogen gas were tried, with more or less success, in the re- 
moval of sulphur, and various fluxes, cemposed chiefly of silicates of the oxides 
of iron and manganese, were brought in contact with the fluid metal, during the 
process, and the quantity of phosphorus was thereby reduced. Many months — 
were thus consumed in laborious and expensive experiments, a few steps in ad- 
vance were gained and many valuable facts were elicited. New patents and new 
apparatus foliowed in due course, when it was happily suggested that if it were 
possible to obtain some comparatively pure pig iron free, or nearly so, from sulphur 
or phosphorus, a proof would at once be given of the correctness of the views 
entertained with reference to these substances. Such a specimen of iron having” 


tik. 


926 
7) 
¢ 
4 
= 
1% 
@ 
a» 


927 


HENRY BESSEMER.— 1813-1898. 


been procured, it was found that the steel of a fair average quality could be 
readily made from it. Indian and Nova Scotia iron were next tried, and no doubt 
was then entertained of the value and ultimate success of the process. The re- 
sults thus obtained caused a total change in the direction in which the efforts of 
Messrs. Bessemer and Longsdon were directed, It was determined by them at 
once to import some of the best pig iron from Sweden, from which iron and steel 
of excellent quality were made, and the produce was used for almost every pur- 
It was then decided 
to discontinue for a time all further experiments, and to erect steel] works at 


pose for which the highest qualities of steel are employed, 


Sheffield, for the express purpose of fully developing and working the new 
process commercially, and thus correcting and setting at rest the erroneous im- 
pressions that were generally entertained with reference to the invention. 

‘‘Ata time when the manufacture of ordnance occupied so large a share of 
public attention, it may be interesting briefly to point out the great facility 
which the Bessemer process affords, of forming masses both of malleable iron 
and steel, of a size suitable for the heaviest ordnance, without any welding to- 
gether of separate slabs, or the more costly mode of building up the gun with 
pieces, accurately turned and fitted together. Many attempts have been made to 
produce wrought iron ordnance, and this object has been successfully accom- 
But how- 
ever perfect this one gun may be, the time required to make it, and its immense 


plished, in the case of the large gun produced at the Mersey forge. 


cost, manifestly leave it still a desideratum to produce guns rapidly and cheaply, 
of a material equal to, or greater in tensile strength, than wrought iron, and, if 
possible, free from the liability to flaws which that materia ! to deteriora- 
tion during its long exposure to a welding heat. It is believea that the Bessemer 
process supplied this desideratum, for masses of cast metal can be produced of 
10 or 20 tons in weight in a single piece, and two or three such pieces may be 
conveniently made, by the same apparatus in one day. The metal, so made, 
may be either soft malleable iron, or soft steel. Ordnance may also be cast, of 
malleable iron, with a steel lining or core, or the steel lining may be afterwards 
fitted to it, so as, in either case, to obtain in the compound mass, the hardness 
and power of one material to resist abrasion, and the tenacity inherent in the 
other material. In order to show the extreme toughness of such iron, and to 
what a strain it may be subjected, without bursting, several cast and hammered 
cylinders were placed cold under the steam-hammer, and were crushed down, 
without the least appearance of tearing of the metal. Now these cylinders were 
drawn down from a round cast-iron ingot, only 2 inches larger in diameter than 
the finished cylinder, and in the precise manner in which a gun would be treated. 
They may, therefore, be considered as short sections of an ordinary 9-pounder 
field-gun. 

‘* Tron so made requires very little forging, indeed the mere closing of the 
pores of the metal seems all that is necessary. The tensile strength of the 
samples, as tested at the Royal Arsenal, was 64,566 pounds per square inch, while 
the tensile strength of pieces cut from the Mersey gun gave a mean of 50,624 
pounds longitudinally and 53,339 pounds across the grain, thus showing a mean 
of {7,550 pounds per square inch in favor of the Bessemer iron.” 


This paper was not very well received at the Institution of 
Civil Engineers, and was attacked by several eminent opponents, 
who doubted the results claimed, and saw little or no prospect 
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of success for the process. These hostile critics failed utterly 
to grasp the great facts of which Bessemer himself did not 
realize the full value, for they knew but little of the character 
of the man who had erased the word “impossible” from his 
dictionary. Colonel Eardly Wilmot, R.A., was a marked excep- 
tion to most of those who took part in the discussions, either 
condemning, or “ damning with faint praise.” 


Although the Sheffield works of Soom r & Co. were started 
in 1858, the samples shown to illustrate the Institution paper, 


~ read in May, 1859, were not of the material the world knows 


now as “ Bessemer steel.” This is proved by a brief entry by 
Mr. W. D. Allen in an old diary for 1859, under the date of 
Saturday, June 18: “First made Steel Direct.” The company 
had made steel before, and had placed it on the market, but as 
shown by this entry it could not have been made “ direct.” 

Curiously enough, it was during this same month of June, 
1859, that Bessemer tool steel became a recognized article of 
manufacture, as is shown by the following extract from the 
Mining Journal of June 4, 1859; it will be noticed that there is 
an obvious error in the prices given : 

“In this day’s Journal we quote, for the first time, amongst the metallic manu- 
factures of this country, the steel produced by the process patented by Mr. Bes- 
semer, and we are informed that the new material can be supplied in almost any 
quantities. The usual price of engineers’ tool steel is from £2 15s, to £3 5s. per 
ewt., while Mr. Bessemer offers an article, which prominent judges pronounce 
equal to the best, at £2 4s., his other kinds of steel being proportionately lower. 
As to the quality of the article there can be little doubt, since the tests to which 
it has been submitted at Woolwich gave much satisfaction to the officials, and 
we understand a contract for a considerable period has been concluded with Mr. 
Bessemer. With a steel of equal quality a little more than two-thirds the usual 
price, it would appear almost impossible for success to be wanting to the seller 
while the pecuniary advantage to the consumer will be at once verified, so that 
it is needless to commend Bessemer’s steel to the consideration of our readers.” 


The tool steel referred to, and, indeed, all the steel made in 
the Sheffield works prior to the 18th June, 1859, was produced 
in a turning converter in small charges. The melted iron having 
been thoroughly decarbonized by the blowing in of air, the con- 
tents of the converter were discharged into a tank of water, 
which had the effect of finely granulating the metal, which was 
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afterwards melted in crucibles with the necessary quantity of 
manganese. 


In a letter written by Sir Henry Bessemer a few years since, 
there is the following reference to the early days of the Sheffield 
steel works, and some light is thrown on the business motives 
which—friendship apart—induced the Galloways to enter on the 
venture with him and Mr. Longsdon : 


‘** Anxious to possess still further practical proof of the value of my invention, 
I made a few hundredweight of steel bars at my experimental works in St. 
Pancras of all the series and special qualities required in an engineer's workshop. 
These bars I took to the works of my friends, the Messrs. Galloways, engineers 
of Manchester, and, unknown to any of their people, these bars were given out 
and employed for all the purposes for which steel had hitherto been used in their 
extensive business. So identical in all its essential qualities was this steel with 
that usually employed by the workmen that, during two months’ trial of it, not 
the slightest idea or suspicion that they were using steel made by a new process 
was ever entertained by them ; in fact, they were accustomed to use steel of the 
best quality, costing £60 a ton, and they had no doubt whatever but that they 
were still doing so. 

‘‘T may here remark that this tool steel was made from Swedish charcoal pig- 
iron, costing, delivered in Sheffield, £7 per ton, and it was with this high quality 
of raw material that our firm continued for about two years to manufacture tool 
steel for engineers, for which we obtained £44 per ton, and with which such firms 
as those of Sir William Fairbairn, Sir Joseph Whitworth, and Messrs. Sharp, 
Stewart & Co. were regularly supplied up to the time when larger and more 
profitable work had made it not worth our while to continue the manufacture of 
tool steel. Indeed, so satisfied were Messrs. William and John Galloway with 
this crucial test of our tool steel at these works that they entered into partner- 
ship as steel manufacturers with myself, my partner, Mr, Robert Longsdon, and 
my brother-in-law, Mr. Allen. 

‘We built steel works in the town of Sheffield, determined to beard the lion in 
his den, and to undersell the trade, until we forced them in self-defence to take 
a license under my patents and carry on my process. We at once got to work 
and dropped £10 per ton on rails, This soon brought the trade to a proper frame 
of mind. Sir John Brown & Co. applied for a license ; this was soon followed 
by Messrs. Charles Camme}l & Co., and licenses were also granted to many other 
firms. Of course we thus created a strong rivalry to our own firm, and forced 
our prices down; this we were fully prepared for, as it still left a very large 
margin of profit. 

‘‘Some idea may be formed of its importance as a manufacture when I state 
the simple fact that on the expiration of the fourteen years’ term of partnership 
of our Sheffield firm, the works, which had been greatly increased from time to 
time entirely out of revenue, were sold by private contract for exactly twenty- 
four times the amount of the whole subscribed capital of the firm, notwithstand- 
ing that we had divided in profits during the partnership a sum equal to fifty- 
seven times the capital ; so that by the mere commercial working of the process, 
apart from the patents, each of the partners retired, after fourteen years, from 
the Sheffield works with eighty-one times the amount of his subscribed capital, 
or an average of nearly cent per cent every two months.” 
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The Bessemer works in Sheffield soon began to repay the 
enterprising founders of the business, as will be seen from the 
statement given below, and which is taken from the books of 
the company. 

The first two years must have been full of anxiety and dis- 
couragement, for though the works were started to teach the 
process, it was also a matter of great importance that they should 
pay. 

The following are the losses and gains made during ten years, 
commencing with 1858 : 

Year. £ 

1858 Ss. 729 
1859 ste 1,093 
1860 923 
1861 1,475 
1862 8685 
1863 10,968 
1864 11,827 
1865.. 3,949 
1866 18,076 


In 1868 the buildings, machinery, ete., were valued at over 
£34,000. 

From 1860 until the present time, the career of the Bessemer 
works at Sheffield has been one of uninterrupted success, but 
they only remained the private property of Messrs. Bessemer, 
Longsdon, Galloway, and Allen for a period of fourteen years 
after the partnership entered into between these gentlemen in 
1863. In 1877 the works were transferred to a public company, 
and remained under the management of Mr. W. D. Allen till his 
death in 1896. Since that time the direction has been carried 
on by two of Mr. Allen’s sons. Concurrently with the period of 
prosperity that set in for the Sheftield works, that is in 1860, the 
iron-makers of Great Britain, realizing the advantages to be 
gained, took licenses under the Bessemer patents, and although 
the years 1860 to 1864 were full of anxiety and hard work, the 
battle had been won, and the strength of prejudice and hostility 
had been broken. 

From an interesting document in my possession I have taken 
some facts relative to the financial position of the Bessemer 
process in 1862. Although, as we have seen, the prospects were 
excellent, the time had not then come for the payment to Mr. 
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Bessemer of great sums in royalties, and the expenses that had 
been incurred had been enormous. His faith in the future was 
absolutely undiminished, and, indeed, it was sustained by in- 
creasing business, but money was necessary to carry on the last 
phase of the struggle. 


We have seen how Bessemer and Robert Longsdon, the friend 
of his youth, had come together, were partners, in fact, carrying 
on business as engineers, in Queen Street Place, New Cannon 
Street. It was deemed desirable by them—it was, indeed, prob- 
ably a necessity—that they should dispose of a part of their 
patent rights, which were quite independent of the Sheffield 
business, to an influential group who had offered themselves as 
purchasers. It was a small syndicate of fifteen members, promi- 
nent among whom were John Platt, of Oldham, and the Gallo- 
ways, of Manchester. For the sum of £25,600 in cash, and 
£25,000 in deferred payments, this syndicate acquired one-fourth 
share in the Bessemer process patents, the agreement holding 
in force from the Ist of July, 1862, to the Ist of July, 1884. 
This sale was effected only on the condition that Bessemer 
should be in no way controlled by the syndicate, but that he 
should have an absolutely free hand as to the regulation of 
licenses and the general method of conducting business. It 
was, moreover, decided that the firm of “ Henry Bessemer and 
Company,” of Sheffield, should be free to all royalty charges, 
This transaction brought the sum of £50,000 to the firm of Bes- 
semer & Longsdon, and enabled them to pass through the last 
struggle. It was certainly paying a high price for the benefit, 
for the sums the syndicate received before the termination of 
the agreement must have been enormous. ah. 


XX. 


The degree of deveiopment achieved in the Pemnsia, iii 
up to 1863-64 is well indicated by A. L. Holley in his volume 
on Ordnance and Armour, from which I take the following ex- 
tracts : 


‘*The Bessemer process of making steel direct from the ore or from pig iron, 
promises to ameliorate the whole subject on ordnance and engineering construction 
in general, both as to quality and cost. The product has not yet been used for 
guns to any great extent, although Mr. Krupp, the leading steel maker, has 
introduced it. Captain Blakley and Mr, Whitworth have also experimented with 
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it, and expressed their faith in its ultimate adoption. Messrs. John Brown & Co., 
Sheffield, have made 100 gun forgings, some of them weighing alone 13 tons, 
from solid ingots of this steel. During the present year (1864) the productions of 
Bessemer steel will exceed 400 tons per week. With the two new converting ves- 
sels in operation, solid ingots of 20 tons weight can be fabricated. . . . The 
pig iron is run into a converting vessel, where it receives a blast of air for 15 or 
20 minutes, to burn out the carbon and silicium. It is then cast into an ingot 
which is heated and forged into a gun. One remarkable piece was made for the 
Jelgian Government, quite early in Mr. Bessemer’s practice. Its dimensions 
were: Length of bore, 7 feet; diameter of bore, 4.7 inches ; maximum diameter, 
9.5 inches ; thickness upwards, 2.37 inches ; weight, 1,070 pounds—a very light 
gun, The test was three rounds with two spherical shot; three rounds with 
three spherical shot ; three rounds with four shot ; three rounds with five shot ; 
three rounds with six shot ; three rounds with seven shot, and two rounds with 
eight shot (the powder being 2.2 pounds in each case), when the gun broke in the 
bore 39 inches from the muzzle, from the wedging of the shot. There was no 
alteration in the chamber. . . . Among the Bessemer forgings in the Greek 
Exhibition of 1862 was a 25-pounder steel gun in the rough, with the trunnions 
formed on it. This gun was the ninety-second made by Messrs. Henry Besse- 
mer & Co.; also a 24-pounder steel gun, bored and finished by Messrs. Fawcett, 
Preston & Co., of Liverpool, for whom a dozen of the same size were being made. 
The present English prices for Bessemer gun steel are : for a 1 ton forging, 9 cents 
per pound; for the same with trunnions forged on, 11 cents; for a3 to 5-ton 
ingot, forged into a cylinder, 11 to 13 cents.” 


It is very interesting to note that at this date, 1862-64, when 
high authorities such as Anderson, Armstrong, and others—the 
smaller following, of course, obediently the greater lights—con- 
demned steel for gun construction, and Bessemer steel for all 
purposes, on the ground that it was unreliable, and gave way 
under sudden strain, which wrought iron would resist; it is 
very interesting to note the certainty and accuracy with which 
Holley wrote. Referring to Bessemer’s interesting collection 
of steel specimens shown at the London Exhibition of 1862, he 
says: “The extreme durability of the Bessemer low steel was 
shown by various specimens. The London Engineer says of one 
of those, that it was twisted cold into a spiral like a ribbon, 
and does not show a single flaw after this severe treatment.” 
All idea of the brittleness of steel vanishes with an inspection 
of the example. The same authority says: 


‘*There are also some close bends of rails, one of which is deserving special 
notice. Mr. Ramsbottom, the able engineer of the railway works at Crewe, had 
this piece taken up while covered with sharp frost, and placed under the large 
steam hammer, where it stood the blow necessary to double both ends together 
without showing the smallest indications of fracture. . . . There are also 
some extraordinary examples of the toughness of the Bessemer steel, made from 
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British coke pig-iron, among which may be enumerated two deep vessels of one 
- foot in diameter, with flattened bottoms and vertical sides. At the top edge one 
of these is g inch, and the other finch in thickness. A 4-inch square bar has 

been so twisted, while hot, that its angles have approached within less than half 

an inch of each other, so that what was originally one foot length of surface, has 
now become 26 feet, while the central portion of the bar still preserves its origi- 
nallengthof one foot! . . . Bythe present process, although the number of 
operations is reduced, by casting steel in large masses, its cost as compared with 
that of wrought iron is somewhat increased. Still it compares favorably, con- 
sidering its greater strength. The present causes of the costliness of steel are 
principally these: Melting the metal is expensive. Such a high temperature is 
required, that the pots for very low steel stand only one or two meltings. The 
subsequent heating of immense ingots (one of Krupp’s, in the great Exhibition, 


under ordinary hammers, not to speak of its injurious effects, is a very long opera- 
tion. The careful preparation and selection of the materials add considerably to 
the cost. Again, the business is now monopolized by a few manufacturers. 
Standard qualities of low steel bring a price much more disproportionate than 
that of wrought iron, compared to the cost of production. Some of the processes 
_ are secret, others are covered by patents; but the chief difficulty is, that very few 
establishments out of the whole number have undertaken the manufacture. 
M any of the large British establishments have introduced the Bessemer process. 
In this country (the United States) several ironmasters pronounce this process a 
failure, and propose to stick to puddling and piling. At the same time others 
are doing all they can to develop this and similar improvements, but are indif- 
_ ferently encouraged. There is no doubt, however, that within a few years low 
steel will be produced at a cheap rate all over the world. The wonderful suc- 
cess and spread of the Bessemer process in England, France, Prussia, Belgium, 
Sweden, and even in India, all within three or four years, prove that great talent 
and capital are already concentrated on this subject, and promise the most favor- 
‘* Among the specimens of Bessemer metal in the Exhibition of 1862, was a 
14-inch octagonal ingot broken at one end, and turned at the other end, to show 
that the metal was perfectly solid. The turned end looked like forged steel. 


able results. 


And again : 


7 An 18-inch ingot, weighing 3,136 pounds, was the six thousand four hundred 
and tenth ‘direct steel’ ingot made at the works of Messrs. Henry Bessemer 
& Co. 
& ‘There were also exhibited, a double-headed rail, 40 feet long ; a 24-pounder 
and a 32-pounder cannon ; a 250-horse-power crank-shaft, and several tires with- 
out welds. The specimens showing the wonderful ductility of the metal have 
been referred to. The Bessemer process has been adopted during the last two or 
three years, since its early embarrassments were overcome, with such great suc- 
cess, and by so many leading manufacturers in England, France, Sweden, Bel- 
gium, and other European States, that its general substitution for all processes 
for making either fine wrought iron or cheap low steel is now considered certain.” 


I think the foregoing extracts are of great interest, because 
cng give us a sufficiently vivid picture of the condition of i 
Wag 
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Bessemer process, emerging from the period of difficulties and 
general opposition, and because they afford a remarkable illus- 
tration of Holley’s keen insight and prescience, though even he 
would never have dreamed what the next twenty years was to 
see in the way of Bessemer steel-making, and towards which he 
was to be so largely instrumental. 
At the time Holley wrote, Bessemer had indeed overcome his 
difficulties. His process was practically perfected, thanks to 
the works at Sheffield, and the many workers under his patents, 
in England and through Europe. The crass stupidity which 
deleted his British Association paper of 1856 from the 7ransuc- 
tions of that body; the petty objections raised against his 
_ process, in 1859, during the discussion of his paper at the In- 
stitution of Civil Engineers; the violent hostility which his 
subsequent success created—all these things he could afford 
now to forget, although he was only on the threshold of the 
stupendous industrial development, the magnitude of which he 
could not have had the faintest conception of when he superin- 
tended the rolling of the 40-foot steel rail for the Exhibition of 
1862. 


XXI. 


Twenty years after Mr. Bessemer had read his paper before 
the Institution of Civil Engineers, in addressing a meeting of 
the Iron and Steel Institute, he recalled some of the most inter- 
esting particulars of those early days. On that occasion, he 
exhibited some of the samples which he had shown to illustrate 
his paper in 1859. Among them was the small gun which had 
attracted great attention at Woolwich when Colonel Eardly 
Wilmot was superintendent of gun factories, and took a deep 
interest in the new invention, having so far satisfied himself 
that he supported Bessemer strongly against such opposition 
in 1859. He told the story of the first Bessemer steel disk which 
was pressed into a cup by a Mr. Parkes, the patentee of a 
process for pressing tubes out of copper disks. Mr. Parkes 
believed that the Bessemer metal would stand the test. At 
that time, “ about 1862,” Bessemer & Co. of Sheffield were mak- 
ing soft-steel locomotive boilertube plates, and from one of 
these plates, a disk, 23 inches diameter and three-quarters of 
an inch thick, was cut. It was placed on a cast-iron die, and 
forced half through its depth and into an opening 11 inches in 
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diameter ; then it was annealed, and allowed to get cold, after 
which it was forced through the die. In this way a cup was 
formed 11 inches in diameter and 10 inches deep, without any 
cracks. Sucha test must have astonished every one, even Bes- 
semer himself, who until then had no idea of the ductility of 
the metal. Mr. Bessemer’s story of the first application of steel 
rails would be spoiled unless given in his own words : 


‘* Perhaps there was no better practical engineer in Great Britain than Mr. 
John Ramsbottom of the London and Northwestern Railway, and when [| pro- 
posed steel rails to him, Mr. Ramsbottom, looking at me with astonishment and 
almost with anger, said: ‘Mr. Bessemer, do you wish to see me tried for man- 
slaughter?’ That observation was the natural result of the then state of knowl 
edge as to what could be done with steel. At that time steel was made almost 


exclusively for cutting purposes, and it was highly carbonized, and certainly too 


hard for rails. After seeing my samples, however, Mr. Ramsbottom, whose 
mind was thoroughly open to conviction, said; ‘ Well, let me have ten tons of 
this material that I may torture it to my heart’s content. . . .’ A steel rail 


was rolled by Mr, Ramsbottom from a portion of the ten tons mentioned, and it 
had been twisted cold by clamping one end in the reversing brasses of a rolling 
mill, and putting the other end in connection with the shaft driven by the engine, 
till it was twisted into two pieces. I carefully measured that sample, and I 
found that in a part measuring 6 feet along the centre of the web, each of the 
flanges measured 8 feet Linch. This twisted rail was a good example of what 
mild steel was in those days. To show that such material which twisted so well 
cold, would endure the hot test, a 4-inch square bar was twisted hot. It was 
twisted till it came in two in the centre. The angles were thus made to form a 
sort of screw with threads { inch to } inch apart.” 


As for the earliest application of steel to shipbuilders, Mr. 
Bessemer’s recollections are of great interest. In 1863 Mr. Daniel 
Adamson had enthusiastically and successfully employed Besse- 
mer steel for making boilers on a large seale, and it was at that 
time that Mr. Bessemer advocated the use of the material for 
ship plates. The first boat was a stern-wheel barge, built in’ 
1863, and the following year the Humber Steam Packet Company 
constructed a side-wheel boat of 377 tons, of steel. The same 
year were finished two sailing ships, one of 1,251 and the other 
of 1,283 tons, and then, twelve months after, six other ships of a 
collective tonnage of 5,332 were completed. This was the com- 
mencement of the application of Bessemer steel to shipbuilding. 

For locomotive builders it would appear that Bessemer steel 
was first used on the London and Northwestern Railway in 
1863, by Mr. Ramsbottom and Mr. Webb, and the first boiler of 
this kind was kept in service until 1879. 
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In Holley’s work on Ordnance and Armour, written in 1863-64, 
frequent reference is made to the actual condition and future 
prospects of the Bessemer process, and I have already called 
attention to the wonderful foresight shown by Holley in his re- 
marks as to what may be expected from it in the near future. 
In the same book Holley says that the Bessemer process in 
America was about to be tried on a practical scale by Messrs. 
Winslow, Griswold, and Holley. Of course the prolonged 
struggle and the gradual development of the Bessemer process 
in England had been carefully watched in the United States, 
but nothing practical had been done till Holley came to Eng- 
land in 1863, when he had many interviews with Bessemer as 
well as the fullest facilities given him at the Sheffield works ; he | 
had also examined and tested the specimens to which he so en- 
thusiastically refers in his book on Ordnance and Armour. 

Many engineers in America were, from the commencement, 
fully alive to the great importance of the process, and shared 
with English engineers the enthusiasm that attended the read- 
ing of the British Association paper in 1856. Probably they 
also shared the quick-following reaction and disbelief. Speak-— 
ing in 1891, on the occasion of the visit to America of the Brit- 
ish Iron and Steel Institute, Mr. Abram S. Hewitt said: . 


‘Mr. Bessemer read his celebrated paper describing the process of producing 
steel without fuel at the Cheltenham meeting of the British Association for the 


Advancement of Science in the summer of 1856; an imperfect report of this 
paper was published in the journals of the day and attracted my notice. The 
theory announced seemed to be entirely sound, and the apparatus simple and 
effective. I gave orders at once, without further information than that derived 
from the published report, to erect an experimental vessel for the purpose of 
testing the possibility of producing steel direct from the blast furnace. In = 
same year in which this paper was read the experiment was tried at the furnace of 
Cooper & Hewitt, at Phillipsburgh, in New Jersey, and the result served to show 
beyond all doubt that the invention of Mr, Bessemer was one that could be suc- 


cessfully reduced to practice.” 


The first experimental application of the Bessemer process 
was, therefore, made in America in 1856, and it is not a little 
remarkable that, considering the promising result obtained, 
nothing more should have been done with it for some years. 1 
suppose that the energy and grand ability of Holley were re- 
quired to separate the actual truth from the mass of perverted 
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statements and prejudice that existed in England and spread to 
America. During the year 1864 the United States patents of 
Bessemer were sold to a small American syndicate, enlarged 
later, I believe, and known as the Bessemer Association, Holley 
acting first as the negotiator and afterwards as the engineering 
expert. For various reasons, with which my present purpose has 
nothing to do, delays occurred, and those unfriendly to Besse- 
mer in England took advantage of these delays to spread re- 
ports of failure and complications in the United States. It was 
under these circumstances that Holley wrote, in September, 
1866, a letter in which the following passages occur : 


‘In view of the diverse statements of the English journals regarding the 
success of the Bessemer process in this country, of the improvements actually 
developed here, I trust that some account of our practice will be interesting. 
The Bessemer process was first experimentally practised in this country with a 
three-ton converter, at the iron-works of Mr, E. B. Ward at Wyandotte, near 
Detroit, under the superintendence of Mr. L. M. Hart, who had learned the 
Bessemer process at the works of Messrs. Jackson, in France. = 
‘Before the Wyandotte experiments were commenced, Messrs. Winslow, 
Griswold, and Holley, of Troy, had completed an arrangement with Mr. Bessemer 
and his associates for the purchase of the Bessemer patents in the United States, 
and had commenced the erection of a 2-ton experimental plant. This plant was 
started in February, 1865, and has since been in constant operation. The first 
ingot made had a tensile strength of 65,000 pounds per square inch in the cast 
state, and 121,000 pounds when hammered to a two-inch bar. A two-inch bar 
was bent double cold. The first ingot was a fair representative of all the steel 
that has since been manufactured at Troy. The pig-iron used was smelted with 
charcoal from the hematite and from the magnetic ores of the Lake Champlain, 
the Hudson River, and the Salisbury regions, and the Lake Superior iron, smelted 
either with charcoal near the mines, or with bituminous coal in the Mahoning 
Valley of Ohio. Some of the Pennsylvania and New Jersey anthracite irons pro- 
duce steel equal in quality to that made from the English hematites of the Cum- 
berland regions, but not equal to that made from the American charcoal irons 
mentioned. Some hundred tons of the best steel have been made from the Iron 
Mountain ores of Missouri, smelted with charcoal, and from the charcoal hema- 
tite irons of central Alabama. Sufficient experience has already been gained in 
the mixing of these various pigs to produce, uniformly, all grades of steel. The 


only irons that have failed are those reduced from surface ores, containing an 
excess of phosphorus, and those that have been smelted with very sulphurous 
coal. As far as tested, probably three-quarters of the American pigs produce 
first-rate Bessemer steel. 

** Meanwhile Messrs. Winslow, Griswold and Holley had commenced the eree- 
tion of a pair of 5-ton converters, and the Wyandotte works were producing a good 
quality of steel from the Lake Superior irons, The re-carbonizer at both works 
has been the Franklinite pig iron of New Jersey, which is slightly richer in man- 
ganese than spiegeleisen. . . . At the present time the 2-ton converter at 
Troy is producing ten tons of ingot (six charges) per twenty-four hours; the 


— 


5-ton converter will be in operation next December. The Wyandotte works are 
producing a smaller quantity, but a good quality of steel. Of the licensees, the 
Pennsylvania Steel Company, at Harrisburg, will be in operation early next year, 
with two 5-ton converters, a 25-inch three-high rail miil, a tire mill, a plate mill 
and a forge suited to the manufacture of all ingots under 12 tons weight. Simi- 
lar works at Chester, Pennsylvania, at Cleveland, in Ohio, are partially com 
pleted, and will be running during the next year. Several other works in 
Pennsylvania and at the West will probably produce steel within 18 to 20 months 
of the present writing |September, 1866].”’ 


It is interesting to note that the plans for the Pennsylvania 
Steel Company's works, above referred to, were prepared in 
Sheffield. The converters were made by Messrs. Galloway « 
Sons, of Manchester ; and the hammers by Thwaites & Carbutt, 
of Bradford; this plant was shipped in December, 1866, and 
was lost, with the ship, on the coast of Ireland, thus causing» 
considerable delay. 

This was the beginning of the Bessemer steel industry in the 
United States, described in the words of its creator. I think I 
echo the opinion of those who feel an interest in this subject, 
when I ascribe all the credit to Alexander Lyman Holley. In 
doing so, I in no way forget his great friends and contempora- 


ries, and their successors, who coéperated with him from the 


commencement and afterwards. But it was to his genius, and 
energy, and patience that the Bessemer process in America was 
a success from the casting of the first ingot at the Troy works. 
It was Holley who, from the beginning and during a number of | 
years, adapted the English details of the process to suit Amer- 
ican requirements, and who initiated that system of rapid pro-— 
duction, combined with a high standard of excellence, which 
aroused at first the incredulity, and afterwards the admiration 
of European manufacturers. When—some years later than the 
period to which we are now referring—the late S. G. Thomas 
visit-d one of the Holley Bessemer works, and, being fatigued, 
essayed to rest on an ingot mould, it was Holley who said to— 
him, “ You must send over to England for one cool enough to’ 
sit upon.” 

Although, during the preliminary stage that preceded the 
erection of the first Bessemer works in America, Holley was in 
constant communication with Bessemer, and more especially 
with W. D. Allen of the Sheftield works, there remains but few 
written records of that busy and important time. In fact, I 
have found nothing excepting short entries in old diaries of 
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Holley’s frequent visits to Sheffield, and one letter which I re- 
produce, as it shows that the Sheffield works were Holley’s 
training school, and W. D. Allen was his instructor : 


“Terminus Hore. LONDON BRIDGE, October 4, 1864. 

My DEAR SIR: 

7 ‘*T have come over again, to finish my education in the Bessemer process, 

and shall have the pleasure of calling upon you at Sheffield, with that objeet in 
view, if agreeable to you, early next week. 


‘*T have seen Mr. Bessemer, and am glad to learn that the manufacture and 


the inventions are prospering so satisfactorily. 
‘Yours truly, 
“A. L. Honey. 
ALLEN, H. BESSEMER & CO., SHEFFIELD, 
*P.S.—Mr. Griswold, son of one of our company in the U.S. is with me,and 
would like to spend some time at your works, with me.” 


In tracing the work of Holley in the development of the 
Bessemer process in America, from the commencement to the 


year 1876, I gladly make use of the admirable paper read by 
Mr. Robert W. Hunt before the American Institute of Mining 
Engineers, in June, 1876. This paper is entitled: “A History 
of the Bessemer Manufacture in America,” and is full of inter- 
esting information. In one paragraph Mr. Hunt defines exactly 


al 


the secret of Holley’s wonderful progress and success. 


‘* After building the first experimental works at Troy, Mr. Holley seems to 


have at once broken loose from the restraints of his foreign experience, and to 
lave been impressed with the capabilities of the new process. The result is that 
mainly through his inventions and modifications of the plant, we in America 
are to-day enabled to stand at the head of the world in respect of amount of 
product.” 


Mr. Hunt’s statement, made twenty-two years ago, can be ap- 
plied with greater foree to-day. The same authority summa- 
rizes the modifications and improvements made by Holley : 


‘*He did away with the English deep pit, and raised the vessels so as to get 
working space under them on the ground floor; he instituted top-supported 
hydraulie cranes for the more expensive English counterweighted ones; he put 


three ingot cranes around the pit, instead of two, and thereby obtained greater 


area of power. He changed the location cf the vessels, as related to the pit and ; 
smelting house. He modified the ladle crane, and worked all the cranes and the < 
vessels from a single point; he substituted cupolas for reverberatory furnaces, and 7 . 
last, but by no meaus least, introduced the intermediate or accumulative ladle, 


which is placed on scales, and thus insures accuracy of operation, by rendering 
possib'e the weighing of each charge of melted iron, before pouring it into the 2 
converter. These points cover the radical features of his innovations. After 
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building such a plant, he began to meet the difficulties in manufacture, among 
the most serious of which was the short duration of the vessel bottoms, and the — 
time required to cool off the vessel to a point at which it was possible for work- 
men to enter and make new bottoms, After many experiments the result was: 
the Holley vessel bottom, which either in its form as patented, or in a modifica 
tion of it, as now used in all American works, has rendered possible as much as 
any other one thing, the present immense production. Then he tried many 
forms of cupolas at Troy, adopting in the original plant a changeable bottom, or 
section below the tuyeres ; then later at Harrisburg, assisting Mr. 8, B. Pearse, 
in developirg the furnace to a point which rendered the many bottoms 
necessary, chiefly by deepening the bottom and enlarging the tuyere area. Upon 
his rebuilding the Troy works after their destruction by fire, Mr. Holley put in 
the perfected cupolas. At this time the practice was to run a cupola for a turn’s 
melting, which Lad reached eight heats or forty tons of steel, and then dropping 
its bottom. This was already an increase of 100 per cent. over his boast about 
the same amount in twenty-nine hours.” 

= 

Of course all these modifications were eradual, the result of 
experience during the fourteen years ending in 1876. But what 
also contributed largely to the wonderful output from American 
Bessemer works was the enthusiasm of Holley, which he had 
the gift of communicating to all these who worked with him, 
his wonderful energy and his power of organization. There 
were fourteen very busy years which ended with 1876, the gross 
result of which was that the production of steel in the United 
States was 550,000 tons of ingot, about one-tenth of what it is 
to-day. Until that date, and, indeed, until the time of his 
lamented and premature death, no Bessemer works were built 
in America without Holley’s direct and personal codperation. 
We have seen how he completed the Troy works in 1864; 
the Pennsylvania Steel Works followed in 1867; the Troy 
works were rebuilt in 1868. Counting the Wyandotte works, the 
Pennsylvania Co.’s was the third in the United States. The 
Freedom Iron and Steel Works, near Lewistown, Pa., were the 
fourth—they ran their first charge in May, 1868. The Cleveland 
tolling Mill Co.’s Bessemer works, also in 1868, were the 
fifth. The Cambria Iron Co., Johnstown, Pa. (1871), came sixth ; 
the Union Iron Co. of South Chicago (1871), were seventh; the 
North Chicago Rolling Co., Chicago, were the eighth works 
they commenced operation in 1872. The Joliet Iron and Steel 
Co., Joliet, Ill., formed the ninth Bessemer plant, erected in 
1873. The same year the tenth works was completed by the 

Jethlehem Iron Co. of Pennsylvania ; the Edgar Thomson Stee] 
Co. of Pittsburgh erected the eleventh Bessemer works in 1875: 


Le 
| 
| 


HENRY BESSEMER.—1813-1898. 941 


the twelfth were completed by the Lackawanna Tron and Coal 
Co. in May, 1876. 

Since that date the extensions have been enormous, and the 
efficiency of plant has vastly increased, as will be seen from the 
following list, taken from Swank’s Directory of American Iron and 
Steel Works, ISOS: 


List oF Works IN UNITED STATES WITH BESSEMER STEEL CONVERTERS, 


No. and Capacity 
of Converters. 
Fremont Rail Works Co., West Wareham, Plymouth Co, 4 3 ton 
Troy Steel Co., Troy, Rensselaer Co., N. Y¥ 3 am * 
Jones & Laughlin’s, Ltd., American Iron and Steel Works, Pitts- 
burgh, Ps 
Jethlehem Tron Co., 


Carnegie Steel Co., Ltd., Pittsbargh, Pa. (Duquesne, Alleghany Co.) 
“(Edgar Thomson Steel Works) 
(Homestead Works, Munhall). 

Columbia Iron and Steel Works, Uniontown, Fayette Co., P: 


Lackawanna Iron and Steel Co., Scranton, Lackawanna Co.. 


National Tube Works Co., MeKeesport, Allegheny Co., Pa 

North Branch Steel Works, Danville, Montour Co ; 

Oliver and Snyder Steel Co., Pittsburgh, Pa 

Pennsylvania Steel Works Co., Steelton, Dauphin Co., Pa 
Pottstown Iron Works Co., Pottstown, Montgomery Co., P 
Shenango Valley Steel Works Co., Neweastle, Lawrence Co., Pa... 
Shoenberger Steel Co. (Juniata Iron and Steel Works), Pittsburgh, 


Pa 


Spang Steel and Iron Co., Pittsburgh, Pa... . 


Maryland Steel Co., Sparrow's Point, Baltimore Co., Maryland.... 
Old Dominion Nail Works Co., Richmond, Henrico Co.. V: 
Riverside Iron Works, Benwood, Marshall Co., West Va. 
Wheeiing Steel Works Co., Benwood, Marshall Co., West Va 
Ashland Steel Co., Incorporated, Ashland, Boyd Co., Kentucky .. 
Etna Standard Iron and Steel Co,, Mingo Junction, Jefferson Co., O. 
Bellaire Steel Co., Bellaire, Belmont Co., O. : 

Cleveland Rolling Mill Co.. Newburgh, Cuyahoga Co., O 

Johnson Co,, Lorain, Lorain Co., O. 

King, Gilbert and Warner Co., Columbus, Franklin Co., O. 

Steel Co., Youngstown, Mahoning Co., O. ............ 


| 
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Lickdale Iron Works. Lickdale. Lebanon Co Pa 9 3 ‘6 
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No. and Capacity 
of Converters, 


Otis Steel Co., Ltd, Cleveland, Cuyahoga Co., ( 
East Chicago Steel Works, Hammond, Lake Co., 
Premier Steel Co., Indianapolis, Marion Co., Ind. 
Unian Steel Co., Alexandria, Madison Co , Ind. 
Illinois Steel Co., Rookery Building, Chicago, > 

Chicago 
inois Steel Co,, South Works, So. Chicago ... 

“ Joliet Works, Will Co 
Union Works, 

Springtield Iron Co.'s Works, Springfield, 1] 
Detroit Steel and Spring Works, Detroit, Mich:.... 
West Snperior Iron and Steel (Wisconsin Steel Co.), 

Douclas Co., 
Colorado Fuel and Iron Co,, Bessemer, Pueblo Co., 


— 


sy the year 1866 business was quite flourishing at the 
Sheffield works of Henry Bessemer & Co., and the amount of 
rovalties Bessemer rec ‘eived was already large. Opposition had 
been to a great extent silenced, partly because many important 
licensees were engaged in the manufacture, and partly because 
facts were too strong even for the most unscrupulous opponents. 
Moreover, it is certain that the powerful syndicate which had 
purchased one-fourth share of the patents strengthened Besse- 
mer’s position greatly. The time, however, had not yet come 
for the most general application of Bessemer steel—its applica- 
tion to railway tracks all over the world. Prices were still high, 
though not so high as appeared likely a few years before, when 
the Institution of Mechanical Engineers held their meeting in 
Sheffield, and Mr. Bessemer read a paper on his process before 
it. Even at that time (1861) the success of the process could 
not be denied, but, at least, it was possible to assert that the 
price of the steel produced was, and must always remain, pro- 
hibitive. Mr. John Brown, of Sheffield, maintained at 
meeting that the price could not fall below £22 per ton; many 
other persons whose opinions carried weight held the same 
opinion when Holley wrote his book on Ordnance and Armour, 
from which I have alres ady quoted; but, as we have seen, Holley 
was too clear sighted to believe any such thing. There were far- 
seeing ae in England who believed it was only a question 
of time for Bessemer steel to supersede iron on all railroad 
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tracks. In 1862, Mr. Ramsbottom, of the London and North. 
western Railway, had purchased an ingot from Sheffield. had 
rolled part of it into a rail, and laid it outside the goods station 
at Camden on the 9th May, 1862, the opposite rail of the same 
track being of a standard iron section. Nearly two and a half 
years after—in September, 1864—it was taken up and examined. 
It was estimated that ten million truck wheels had passed over 
it; it had never been turned (it was a double-headed rail), and 
it had worn out seven iron rails, that is, fourteen surfaces, 
during that time. The test at Crewe, however, was earlier than 
this. Crewe station was laid with steel rails, rolled from ingots 
made at Sheffield in 1861. Three hundred trains ran daily 
through the station, but in 1866 these rails had never been 
turned, and they were all in good order. They had been rolled 
in 35-feet lengths. Experiences like these rapidly prepared 
the way for the great change that was approaching. It could 
be demonstrated that, even at the high price, their long life 
made steel rails much cheaper than iron ones. The cause of 
occasional failure by fracture of steel rails was so easily traced 
to the production of too hard a metal, that it could not be 
urged in absolute condemnation of the svstem. The Metro- 
politan Railway Company was among the early purchasers on a 
considerable scale. They bought in large quantities in 1865, at 
a price of £17 a ton, though the next vear the rate fell to £12 a 
ton. And this fall in price ocenrred in face of a £2 per ton 
royalty ; that is, the royalty was £2 per ton of ingots cast, with 
a drawback of £1 per ton of rails rolled. 

The year 1865 was indeed a busy one in England and through 
Europe for Bessemer steel making. Many large establishments 
had been already preparing for a year or two, and were then 
ready to fill orders. As we have already seen, Holley was 
occupied in America, having “completed his education” at 
| Sheffield. In Franee a comparatively large amount of Bessemer 
steel rail had been made and laid down. Amongst other steel 


works on the continent at that date there were, in Germany, 
the Essen Works, of K rupp; the Bochum Company, with four 
_d-ton converters; the Hoerde Company, near Dortmund, with 
wo converters ; the Neuberg Works, in Styria, with one con- 
verter; the Gratz Works, with one; the Witkowitz Works, 
_ with one ; the works at Disseldorf with two. Among other works 
were divided twelve converters. In France and Belgium the 
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process was in operation at John Cockerill, of Seraing ; at Petin, 
Gaudet & Co., Rive de Gier, and at James Jackson & Co., St. 

Severin, near Bordeaux. 


and the demand for steel plates was also increasing. One firm 
had rolled, in 1865, 5,000 tons of steel plates, to a maximum 
weight of 16 hundredweight, and measuring 13 feet 4 inches by 
seven-sixteenths thick. It was provided in the specification to 
which these plates were made, that they must be of such a 
quality that disks cut from them could be stamped up cold into 
vessels 10 inches diameter and 11 inches deep without showing 
signs of fracture. 
I do not know what the production of steel was in England in 
1865, but on the continent it is stated to have been as follows: 


In England the Bessemer steel rail trade was growing rapidly, | 
> 
> 


France, 30,000 tons; Prussia, 32,000 tons; Belgium, 4,000 tons ; 
Austria, 21,000 tons ; Russia, 5,000; Sweden, 6,000: the German 
States, 2,000; Italy, 750; and Spain 500 tons. 

The industry acquired a great momentum in 1866, and some of 
the good old days of high prices had gone never to return. In 
1860, Krupp, of Essen, was able to command £120 per ton for 
steel tires ; in 1866 Bessemer & Co., of Sheftield, had forced this 
price down to £40 and £45 per ton. In 1866, and for several 
years after, royalties poured in on Bessemer, amounting to as 
much as £200,090 a year; this came chiefly, though of course 
not wholly, from rails. His day of triumph had come, his finan- 
cial success was as great as the confusion of his enemies was 
complete. At this time, and for some years after, the United 
States proved a rich market to English steel rail producers. 
Leading American railroad directors were so keenly alive to 
the advantages of steel, that they would not wait for the com- 
pletion of the works Holley was building, but decided to buy 
meantime in England. In 1866 the first order of steel rails — 
came from America. It was sent by the Erie Railroad Co. to_ 
Messrs. John Brown & Co., for 1,000 tons at £25 a ton; then — 


followed the Pennsylvania Railroad Co., with an order to the — 
same makers, and at the same price, for 500 tons. The cost i . 
of wages at that time per ton of rails was £2. In 1866 Messrs. | 
John Brown & Co. were the largest makers of Bessemer steel; 
they had become licensees about 1862, and four years later they 
were running constantly two 10-ton converters, and two of 5 tons. 
They employed 3,009 men, and their plant was capable of rolling | 
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30-ton ingots into single plates. They had gone largely into 
the steel tire business, and, as we have seen, had brought the 
price of Krupp steel tires to one-third of what it had been six 
years before. Rails, of course, formed the chief part of their 
output, but they were doing a large trade in steel axles. In 
1866 tice rival firm of Messrs. Cammell & Co., of Sheffield, had 
quite large Bessemer works (for the time). comprising two 4-ton 
converters, and four of 7 tons; they were making 500 tons 
of steel a week. During the same year 63 miles of steel rails 
were laid on the London and Northwestern Railway. In 1867 
the works at Barrow-in-Furness were in full operation, with six 
7-ton converters : the Laneashire Steel Co., at Gorton, had four 
pairs of 5-ton converters, and several other companies were 
started. On the continent the progress was as rapid, especially 
in France, and by 1867 the price had dropped to £12 per ton, 
at which price 28,000 tons were sent from England to the United 
States. In Johnstown, Pennsylvania, £12 9s. was the cost 
of making iron rails per ton; in England such rails cost £6 
per ton. Prices were falling in 1867, though in that same 
year the Styrian Bessemer works commanded £16 per ton for 
ingots, £28 10s. for bars, £30 per ton for boiler plates, and 
£32 for tires. 

The time for the very profitable business of exporting Besse- 
mer rails to America was to last only a few years longer, for 
Holley’s work was progressing rapidly, and large orders could 


be filled from the seven steel works he had in operation by the 
middle of 1868. Still a large portion of the 5,000 tons of rails 
laid that year by the Erie Railroad Co., came from England. 
The golden harvest had been gathered by Bessemer at the 
end of 1868, for his leading patent expired on the 12th of Feb- 
ruary, 1869, and the royalty dropped to 2s. 6d. per ton, which made 


a saving of about 20 shillings per ton on all rails made. A great 
impetus was in consequence given to the production and demand. 
In France during that year 40,000 tons were rolled, of which. 
5.000 tons went to America, where steel rails were being laid at a 
great rate, regardless of the higher cost, which, indeed, was not 
relatively high, on account of the great price of iron rails. In 
1869 there were 110,000 tons of steel rails laid on United States 
railways; of this quantity, Cammells exported 27,000 tons ; 
John Brown & Co , 50,000 tons, and Barrow 15,000 tons. But 
the Troy works were able to turn out at the rate of 
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20,000 tons a year. In this country, the Great Northern Rail- 
way Co. was still conservative ; in January, 1869, it advertised 
for tenders for 200 tons of steel, and for 5,000 tons of iron rails. 

So far as our present purpose is concerned, we need not follow 
the growth of the Bessemer process after the expiring of the 1855 
patent, which terminated the period of great royalties. The 
struggle of the earlier years had been so long prolonged that it 
left but little time for getting repaid. The success, when it ar- 
rived, was enormous, though it was very brief, but Bessemer 
could afford to look back on the past, satisfied with the result 
achieved, and to the future, certain that the vast industry he 
had created would continue to grow indefinitely, though to what 
extent he could not foresee. It may be said that by 1874, when 
the Sheffield works were converted into a public company, Bes- 
semer had retired from business, though his interest in watch- 
ing the development of the process, especially in the United 
States, never lessened. 

That the Bessemer patents were financially successful during 
the years 1862-70, and that to a remarkable degree, is evident 
from the fact that Sir Henry received in royalties during a part 
of that time no less than £200,000 a year. But the sum received 
did not represent so large a total as may be imagined. It is 
stated that by 1870, royalties had been paid to the extent of a 
million sterling. Of this £250,000 were the property of the syndi- 
eate that had purchased one-quarter ownership of the patents in 
1863 for the sum of £50,000. The remaining £750,000, less many 
reductions, was the joint property of Sir Henry Bessemer and 
his partner, Mr. Longsdon. As profits on patents go, the result 
was very exceptional; moreover, it was attained —not in the 
modern method, by company promotion—but by continuous and 
well-directed work, and by the sacrifice of a large income derived 
from the bronze powder industry. As to the results achieved to 
the world at large, they can be estimated only by the amount of 
steel that has been manufactured since the first charge of pig 
was decarburized in the small experimental converter at Baxter 
House. 


I have sketched very rapidly and imperfectly the development 
from 1859 to 1869, when the chief Bessemer patent expired, and 


it would be quite outside the purpose of this monograph to 
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attempt any history of its growth from then until now. During 
the twenty years that followed the expiring of the 1855 patent, 
the manufacture of Bessemer steel had increased, until in 1890 
the estimated output was ten millions’per annum. And we have 
already seen that the capacity of American production alone is, for 
this present year, about 9,500,000 tons. From quite an early date 
the manufaeture of steel in the United States has exceeded that 
of any other country, and I do not think it is an over-estimate 
to say that its capacity now exceeds the produce of all the rest 
of the world collectively. As the output has increased, prices 
have fallen, until they have now reached the lowest point on 
record, about £5 per ton for rails. That is to say, that the 
invention of Bessemer represents to-day a possible total of 
money value of £50,000,000 sterling on the output of the con- 
yerters in the United States. 

These gigantic figures are beyond our grasp, and we have to 
turn to Sir Henry Bessemer’s vivid method of dealing with large 
amounts to comprehend what they mean. In an often quoted 
letter to the Times, published some time in 1593, Bessemer 
brought these figures down to the intelligence of the average 
reader. The passages are so interesting that I may be pardoned 


for reproducing them once more. He dealt with the world’s esti- 
mated output in 1892—10,500,000 tons. ~~ 


‘* Let us,” he wrote, ‘‘ use the mind’s eye to assist us, and imagine standing 
erect before us a plain round column or tower of solid steel 20 feet in diameter, 
400 feet high ; this, no doubt, would impress us as a very large and heavy mass, 
and few people wouid be prepared at first to accept the simple fact that the pro- 
duction of Bessemer steel in 1892 would make 1,671 such columns, and leave a 
remainder of 5,535 tons. Yet such is the fact. These tall columns would form 
a goodly row, and if placed side by side in a straight line, and in contact with 
each other, would extend to a distance of 6 miles and 580 yards ; indeed, there is 
on an average 5.3 such columns produced on each working day in the year, bring- 
ing up each day’s production of steel to 33,546 tons, as compared with Shetfield’s 
former production of 51,000 tons annually. 

‘“We may put this in another way, and imagine a plain cylindrical column of 
100 feet in diameter, a good idea of which may be formed by a glance at some of 
the very large gasometers in the metropolis; then further imagine this gaso- 
meter, not as athin iron shell, but as a ponderous solid mass rising before you to 
an altitude of 6,654 feet 6 inches, or nearly one mile and a third in height. Such 
a huge solid mass would be exactly equal to one year’s make of Bessemer steel. 
But even in this form we must draw powerfully upon our imagination, for but 
few people can, in their mind’s eye, fully realize a huge solid mass of such heavy 
matter rising to more than 164 times the height of the cross of St. Paul’s. 

‘* It must be remembered that the process of converting crude iron into steel 
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goes on ceaselessly in the converter for the whole twenty-four hours of each day, 
so that one hour’s production is only one twenty-fourth part of a single day's 
work ; but if all the steel produced in the Bessemer converter in this short 
interval of time were collected,.it would form a solid cylindrical mass of 8 feet 
in diameter, and 129 feet in height, thus overtopping the Duke of York’s column 
and the Nelson monument. What a notable portico would twenty-four such 
columns make, the work of a single day, but yet large enough to dwarf the 
grand old ruins of Karnac and Thebes. 

‘It may be interesting to put this matter in another form, in order to bring 
it vividly home tothe imagination. A steel ingot of one ton weight is as nearly 
as possible 5 cubic feet in solid matter. Let us now imagine asolid square ingot 
of solid steel, having a base measuring 50 feet by 50 feet and standing, say, 400 
feet high. This would make a square tower of solid steel much larger than the 
Clock Tower of the House of Parliament, which is precisely 40 feet square, and 
about half as high as this imaginary square tower ; in fact, such a tower would 
only be about 4 feet below the top of the cross of St. Paul’s Cathedral. This 
tower would contain precisely 1,000,000 cubic feet, and would weigh just 200,000 
tons. Now, the Thames embankment, from Westminster Bridge to Blackfriars 
Bridge, measured down the centre of the roadway, is one mile and a quarter and 
a few yards. Let us suppose one of those gigantic towers to stand opposite the 
Clock Tower, and in a line with the roadway over Westminster Bridge, and a 
similar one erected at the other end of the embankment in a line with the road- 
way passing over Blackfriars Bridge. Let us further imagine fifty other pre 
cisely similar towers placed equidistant between them, thus leaving a space of 
only 27 yards between each tower. This row of gigantic towers would represent 
10,400,000 tons, or just 100,000 tons less than one year's production of Bessemer 
steel, each of the 52 towers being 1,923 tons less than the average production. 

“We might think of many other object lessons that would be likely to 
convey to the mind’s eye a vivid and realistic picture of the enormous bulk of 
matter represented by 10,500,000 tons of steel. Let us select one other illustra- 
tion. Imagine a straight wall 100 miles in length, 5 feet in thickness, and 20 
feet in height. Such a wall would stand on 60} acres of land ; but suppose that 
this wall, like a gigantic armour plate, was formed into a circle and used to 
surround London ; the enclosdre so made would extend to Watford on the north, 
to Croydon on the south, to Woolwich on the east, and to Richmond on the 
west. It would, in point of fact, form a circular enclosure of 314 miles in diame- 
ter, and would embrace an area of 795 square miles. This great wall of London 
would just be equal to a single year’s production of Bessemer steel. 

‘The great financier who is constantly dealing with the realised values of 
many millions would have a very keen appreciation of what 84,000,000 pounds 
sterling really means, yet I doubt if even the Chancellor of the Exchequer could, 
off-hand, give anything like the correct dimensions of a mass of standard gold 
of that value. It can, however, be ascertained with accuracy. Since 57 sover- 
eigns weigh just one pound avoirdupois, the weight of 54,000,000 sovereigns 
would be 657 tons, 17 hundredweight, 3 quarters and 16 pounds, and as the 
specific gravity of standard gold coin is 17.167, we should have amass equal to 
1,374.70 cubie feet, from which one could make a plain cylindrical column of 
solid gold 5 feet in diameter and 109 feet 5 inches in height, as a representative 
of the commercial value of the larger column of steel which I have referred to. 
It is an interesting fact that the statistics published by the Annales des Mines 
for 1893 show that it would take more than three years’ production of all the 
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gold mines in the world to pay in gold for one year’s production of Bessemer 
steel,” 


The data upon which Sir Henry Bessemer founded the fore- 
going curious calculations in 1893 apply—except as regards 
price—very nearly to the capacity of the United States Bes- 

-semer works for 1895-1899. Those who are sufficiently inter- 

ested, can extend the computation to the world’s output of the 

current year. 


XXV. 


In 1871-72 Bessemer’s energy had found a new object—that 
of the swinging saloon for sea-going vessels. This object he 
pursued very serfously for some years. During the whole of 
his long life, Sir Henry Bessemer traveled but rarely beyond 
the limits of the United Kingdom, for the simple reason that he 
suffered more than most people from sea-sickness. It was this 
unconquerable malady which directed his thoughts to a means of 
reducing the movements of passenger cabins at sea, which re- 
sulted in the costly experiment of the steamship “ Bessemer.” 
This ship, which was designed and constructed under the advice 

of Sir E. J. Reed, was intended for the Channel service, between 
Dover and Calais. She was 350 feet long and 40 feet beam, 
increased to 54 feet by a row of overhanging staterooms on 
each side between the two sets of paddle wheels, which were 
placed 106 feet apart. There were two sets of independent 
engines, indicating together 4,000 horse-power, and the four side 
wheels were each 30 feet in diameter. The length of the prome- 
nade deck was 270 feet, there being a low deck at each end, 40 
feet long, for the capstans and other ship’s gear. The great 


feature of the ship was, of course, the Bessemer swinging saloon, 
placed amidships ; it was 70 feet long ; 30 feet wide, and 20 feet 
high, and it weighed 180 tons. No money or trouble was spared 
to make this saloon luxurious in fittings, ventilation, warming 
ete. The whole structure was hung, fore and aft, on two trun- 
nions, the massive bearings for which were built into the ship’s 
frames. The saloon was carried on steel transverse girders, the 
ends of the central pair of which projected beyond the sides of 
the saloon, and were connected to a pair of vertical hydraulic 
cylinders and plungers ; diagonal hydraulic cylinders were also 
connected to the underside of the floor framing. All of these 
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controlling cylinders were connected, by a system of piping, to 
a regulating station on deck, where an operator could, by the 
mechanism provided, so govern the relative position of the 
hydraulie cylinders and the rams, that the saloon could always 
be kept horizontal. The mechanism all worked admirably, but 
of course it was only efficient in counteracting the roll of the 
snip; it was powerless against the effect of pitching, or of the 
rise and fall of the ship in rough water. Those who may be 
interested in this experiment should refer to Sir E. J. Reed’s 
paper on the “ Bessemer Steamship,” read before the Institu- 
tion of Naval Architecture in April, 1875. Referring to the 
limited efficiency of the “ Bessemer ” saloon just mentioned, Sir 
E. J. Reed said : 

‘*Mr. Bessemer’s idea was, and is, to apply his machinery not only to the 
transverse motion of the saloon or cabin, but also to the longitudinal oscillation. 
But as this vessel was intended only for Channel service, and as it was to be x 
large vessel, performing the service in comparatively small waves, it was thought 
desirable by Mr. Bessemer, as well as by his friends, that he should limit the 
first application of his system to the removal of transverse oscillation.” 


On Saturday, the 8th May, 1875, the “ Bessemer ” made her first 
and only public trip from Dover to Calais, in quite calm weather. 
The trial was not successful ; despite her relatively high engine 
power she was slow, taking one hour and thirty-three minutes 
in the crossing; she steered badly (or perhaps too well), and 
was only got alongside at Calais after having carried away 100 
feet of the pier head. The swinging saloon was not operated, 
on this occasion, partly on account of the calm sea, and partly 
because the gear was not completely adjusted. The return trip 
was unsatisfactory as regards speed—one hour and forty-four 
minutes. 

Previous to this run, the ‘‘ Bessemer” had made two trial 
trips, and had once done damage to the pier. The opinions of | 
experts were strongly opposed to her being placed on the ser-_ 
vice, and to all practical purposes her career ended with the _ 
return journey to Dover on Monday, May 10, 1875. The failure — 
was a great disappointment to Sir Henry Bessemer, who paid 
all the expenses incurred by the small syndicate that had been — 
formed to build the vessel. 

The later years of Sir Henry Bessemer were years of busy _ 
leisure. He erected a fine observatory at his residence on Den- _ 
mark Hill, and devoted a great deal of time to the construction - 
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of a telescope, and to mechanisms for grinding and polishing 
lenses. From this he was led to a series of interesting experi- 
ments on the application of solar heat for the production of 
high temperatures, and he hoped to do much with his solar 
furnace. He laid out, with his usual originality and skill, a 
diamond-cutting and polishing plant for one of his grandsons, 
whom he had established in that industry ; and he continued to 
the last to take a keen interest in his very beautiful house and 
grounds, where he resided for many years, and which showed 
in every direction evidences of his great artistic skill and his 
mechanical ingenuity. During six or seven years before his 
death he was occupied in a somewhat desultory manner upon his 
Autobiography, a work he had practically completed, and which 
it was his earnest desire should be published promptly. In this 
book is told, in detail, the story I have sketched only very gen- 
erally and imperfectly, and in doing which I have probably 
made some errors and omissions, for I have preferred to depend 
wholly on other sources of information in the pages which I 
now submit to your Society. 


Sir Henry Bessemer’s name is among the founders of the 
Tron and Steel Institute in 1868, as one of the representatives 
of the Sheffield district, on the provincial committee. He fol- 

lowed the Duke of Devonshire as president of the Institute 
during the years 1871-73. Although his name appears probably 
more frequently than that of any one else in the volumes of 
Transactions, he only contributed two papers besides his presi- 
dential address. The first of these was in 1886, and was en- 
titled, “On Some Earlier Forms of Bessemer Converters.” The 
second paper was read in 1891, “On the Manufacture of Con- 
tinuous Sheets of Malleable Iron or Steel direct from the Fluid 
Metal.” This suggested process was to some extent a develop- 
ment of his early patents for a similar treatment of fluid glass. 
But though he contributed only two papers to the Institute, he 
took a lively interest in its proceedings, was a constant attend- 
ant at the meetings, and very frequently took part in the dis- 
courses. 

In 1873, on retiring from the presidency, Sir Henry Bessemer 

invested the sum of £400 in perpetual debentures of the Lon- 
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don and Northwestern Railway, to furnish funds for the annual 


provision of a gold medal to be awarded at each annual meeting 
of the Institute. 


“The awards are to be (1) to the inventor or introducer of any important or 
remarkable invention, employed in the manufacture of iron or steel ; (2) for a 
paper read before the Institute, and having special merit and importance in con- 
nection with the iron and steel manufacture ; (3) for a contribution to the Journal 
of the Institute, being an original investigation bearing on the iron and _ steel 
manufacture, and capable of being productive of valuable and practical results, 
The Council may, in their discretion, award the medal in any case not coming 
strictly under the foregoing definitions, should they consider that the iron and 
steel trades have been, or may be, substantially benefited by the person to whom 
such an award is to be made.” 


The Bessemer medal is a much-coveted distinction, and the 
recipients since 1874 have not only peen distinguished in the iron 
and steel industries, but have fully complied with conditions im- 
posed by the Council. Twenty-eight medals in all have been 
given; in 1883, 1884, 1889, and 1890, two such distinctions were _ 
- awarded. The names of the recipients are as follows: 


1874. Sir Lowthian Bell, F.R-S. 1887. James Riley. 


1875. Sir William Siemens, F.R.S. 1888. Daniel Adamson. 

1876 Robert F. Mushet. 1889. John D. Elis. 

1877. John Perey, M.D., F.R.S. 1889. Henri Schneider, 
1878. Peter Ritter von Tunner. / 1890. William Daniel Allen. 


1879. Peter Cooper. 1890. Hon. Abram 8. Hewitt. 

1880. Sir Joseph Whitworth. 1891. Rt. Hon, Lord Armstrong, C.B., 
1881. William Menelaus. F.R.S. 

1882. Alexander Lyman Holley. 1892. Arthur Cooper. 


1883. George J. Snelus, F.R.S. 1893. John Fritz Ta? 
1883 


. Sidney Gilchrist Thomas. 1894. John Gijers. 
1884. Edward Windsor Richards. 1895. Henry M. Howe. 
1884. Edward P. Martin. 1896. Hermann Wedding. 
1885. Richard Akerman. 1897. Sir Fred. A. Abel, F.R.S. 
1886. Edward Williams. 1898. Richard Price- Williams. 


It will be noticed that the names of several distinguished 
Americans occur in the foregoing list, notably that of Alexander 
Holley, who died before the date of presentation. Among the 
other recipients 1 may dwell for a moment on that of W. D. 
Allen, Bessemer’s brother-in-law and life-long associate. His 
name has occurred so often in the course of this sketch, and the 
part he played in the development of the Bessemer process was 
so important, that I think the subjoined letter, written by Si 
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Henry to Mr. Allen, will be read with interest. The letter is 
dated April, 1890: 


‘* There was a Council meeting this morning of the Iron and Steel Institute, 
and among other business, we had to decide the question of the award of the 
Bessemer medal. I addressed the meeting, and said I had made it a rule not to 
throw any weight into this question, but preferred that my fellow Councilmen 
should take the initiative, but at the same time observing that this standing 
aloof might be carried too far, and a great injustice done, and under these 
circumstances, I said that I felt, in duty bound, to name a gentleman to whom 
the introduction, and the successful carrying out, of the Bessemer steel process, 
was very greatly indebted, and that I was the more able to bear testimony in his 
behalf, because, although once intimately associated with him in business, | had 
for the last dozen years ceased to have any pecuniary interest whatever in the 
works referred to, 

‘*T said that Mr. W. Allen, of the Sheffield Bessemer steel works, assisted me 
in the very first experiments I ever made, and became thoroughly initiated in all 
facts that related to the process ; that he assisted in the building and laying out 
of our Sheffield works, and had the entire management of the process as well as 
of the business, and in that capacity realised almost fabulous profits from an ex- 
tremely small capital. Further, that in aid of the introduction and dissemination 
of the ‘art and mystery,’ he had done a great deal, all the early makers having 
derived from him that stock of knowledge with which they commenced their 
respective business; and further, that Mr. Allen had introduced many important 
improvements in the detail of manufacture. 

‘*Talso remarked that it had been frequently said, that Bessemer steel was 
very good for rails, but not fora higher class of goods, Now Mr. Allen had 
conclusively proved the contrary of this assertion ; he had never made a rail, 
but had gone in for the better class of material now so largely used in the Shef- 
field manufactures. He produced a high class of Bessemer steel, which was fully 
appreciated by the Sheffield trade, and he consequently was enabled to realise 
most remunerative prices, in proof of which I might mention the fact that a few 
weeks ago, Messrs. Bessemer & Co. (which is mainly Mr. Allen and his son) 
declared a dividend of 25 per cent. per annum, on a capital of £90,090: carried 
£23,000 forward; wrote off £5,000 depreciation ; and spent out of revenue 
£11,000 in new erections. Such a result, in the face of the great competition in 
Bessemer stee], is, I take it, a strong proof of the excellence of the material of 
which Mr. Allen has acquired the art of making. 

**Mr. Windsor Richards spoke of the valuable information he had received 
from Mr. Allen; Mr. Snelus made a similar statement, and Mr. Ellis confirmed 
the fact of your success as a manufactarer of high grade Bessemer; the question 
was then passed, and you were unanimously awarded the Bessemer medal, which 
is to be presented to you at the May meeting. This award has given me a great 
deal of satisfaction. . . . Idonot know if you are aware that I have been 
engaged in designing and superintending the execution of a very handsome 
diploma, framed and glazed, to be presented to all who have been previously 
awarded the medal; a dozen of these will be sent out to-morrow. . . . It was 
thought that the medal itself can be rarely shown, and that this large and beauti- 
fully got up design might be hang up in a library or in the principal office of the 
medallist, where the fact would show itself to all who came, whereas the medal 
itself was generally locked up for safety.” 
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Sir Henry Bessemer contributed but few papers to the tech- 
nical societies. Besides the two above mentioned as having 
been real before the Iron and Steel Institute, and his presi- 
dential address, delivered to the same body, IT am aware of only 
few other papers, though no doubt there are some that have 
escaped my notice. There is the famous British Association 
paper of 1856; the Institution of Civil Engineers paper of 1859; 
a paper read before the Institution of Mechanical Engineers in 
L861; and the paper read before your own Society, some two 
years since.* The contributions which he made to technical 
literature are all pleasant reading, and one regrets that he was 
not a more prolific writer. 

Considering the great service Bessemer rendered to the whole 
world, the recognitions he received were few and insignificant. 
The decoration of the Legion of Honor, offered him by the 
French Emperor about 1856, he was not permitted to accept; 
the tardy acknowledgment by the British Government, of his 
vreat service rendered to the Inland Revenue Office, did not | 
come to him in the form of a knighthood till 1879. He was- 
made a Fellow of the Royal Society of Great Britain also in: 
1879, and previous to that time he had received the decoration 
of Commander in the Order of Francis Joseph, from the Emperor 
of Austria. Ile was, as we have seen, President of the Tron 
and Steel Institute in 1871, and was made a member of the In-. 
stitution of Civil Engineers in 1877. He was an Honorary — 


Member of your Society, and received many medals and di- 


plomas of honorary membership from various European in- 
stitutions. 

In April, 1880, the freedom of the Company of Turners was” 
presented to Sir Henry Bessemer, and on Wednesday, October», | 
of the same year, the freedom of the City of London was also 


presented to him, “in recognition of his valuable discoveries, 
which have so largely benefited the iron industries of the 
country, and his scientific attainments, which are so well known 
and appreciated throughout the world.” 

In the course of his speech, thanking the city for this mark of 
appreciation, Sir Henry said: 


* Transactions A. 8. M. E., vol. xviii., p. 455, No, 720, 
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‘** Under the process which I had the honor of inaugurating we dispense with 
every one of the intermediate processes formerly employed. We have no smelt- ‘ 


ing of pig iron, we have no making of balls, we have no rolling of bars, we have 


no shearing of bars, we have no piling up, we have no heating furnaces. 


‘You will readily understand why, with a process so rapid, and so entirely 


devoid of the use of expensive fuel, and of all those varied skilled manipulations 


which were necessary at every stage in the old process, the cost of manufacture 


is so exceedingly small as it isfound tobe. . . . Atthe time when my inven 


tion was introduced into Sheffield the entire make of steel was 51,000 tons a year ; 


last year we made 830,000 tons of Bessemer steel, being sixteen times what was 


before the entire output of the whole produce of the country. It is anticipated 
that on the continent of Europe this vear’s make will reach in all 3,000,090 
tons. The value of these 3,000,000 tons together may be taken at £10 per ton, or 
£30,000,000 sterling, and if that metal had been made by the old process which I 
have described, it would have been impossible to have brought it into the market 
under £50 a ton, or £150,000,000 sterling.” 


Of all the distinctions bestowed upon Sir Henry Bessemer, 
that which he most appreciated was the compliment paid him 


in the United States by naming more than one of your cities 
after him. 


The original of the portrait that accompanies this twonograph 


hangs on one of the walls of the Society's building. It was pre- 


sented by Sir Henry Bessemer in 1890, and I had the pleasure 
of bringing it to you on the occasion of my visit in 1890. Sir 
Henry asked me to be the bearer of this picture, and of a letter, 
from which I make the following extracts, because they show 
his deep appreciation for the esteem in which you held him. 
He wrote: 


‘It is a source of great regret and disappointment to me that Nature has 
interposed an inseparable barrier between us, by giving me a constitution that 


does not permit me to make the shortest sea vovage without absolute danger of 


life ; but for this cireumstance the fact of my being in my seventy eighth vear 


would not have prevented me from accepting America’s generous hospitality, 


and seeing with my own eyes the enormous progress which the indomitable 

energy and perseverance of the citizens of the New World have made within the “> 
last twenty vears. 


‘*Much as I should have felt interested and impressed at their great mechani- 


cal and engineering progress, 1 should have experienced still greater pleasure and 


pride in visiting their magnificent steel works, and seeing the material that bears 


my name produced on a scale of greater magnitude than it is in any other 


country in the world. And when I reflect on the greater honor conferred on me 
by this application of my labors, I find it difficult to express the gratification it 
affords me 


‘In England, France, and Germany many generous tributes have been 


accorded me by imperial personages, corporate bodies, and scientific institutions. 
From the nature of her constitution, America has no knighthood or other title to 
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bestow. But to a generous people a way may always be found of honoring those 
~ whom they desire to honor, and in giving the name of Bessemer to a rising city 


‘It is in vain I look forward adequately to express my gratitude for this great 
memorial, but I gladly avail myself of this opportunity of thanking them, though 


value anything that my invention deserves.” 


I am quite sure the knowledge that several cities in the United 
States had been named after him afforded Sir Henry Bessemer 
greater pleasure and more cause for pride than did all his 
other successes and recognitions put together. And I wish he 
could have been able to see the diagrams I have annexed to 
this monograph, showing the enormous growth of Bessemer 
steel-making in the United States, and the equally astonishing 
reduction in cost. 


= 


I think I cannot better conclude this imperfect monograph 
than by quoting the testimony of three of your great authorities 
on Sir Henry Bessemer and his work. 


Holley, of course, comes first : 


‘“«The Bessemer process is remarkable, first, because in all its cardinal feat- 
ures—although not in many details that have given it commercial success—in all 
its fundamental features it was developed during the brief period of six years, 
out of nothing, in the way of a kindred and helpful state of the art, by the 

remarkable man whose name it bears. Within the sixteen years that have 
elapsed since Bessemer made his first trial, his process has risen from nearly 
abandoned experiments to the production of a million tons a year. It has indeed 
progressed, as all successful processes do—whether fast or slowly—by the constant 
aid of experiment and failure, but the rapidity of its development was due, in a 
_ degree not often precedented in the iron business, to the genius of its inventor— 
especially to that form known as perseverance.” * 


Next comes Mr. R. W. Hunt, Holley’s friend and colleague : 


** As I have often expressed it, if we, knowing there was a way through all 
our troubles, felt so hopeless, what must have been Bessemer’s pluck, to enable 
him to persevere through his difficulties, when the desired end was known only 
through faith?” + 


* From a lecture delivered before the students of the Stevens Institute of 
Technology, 1872. 
+ ‘‘ The Early History of the Bessemer Process in America,” 1876. 
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In the THEY Have Created a monument CO MY memory 
will last for centuries after all the titles and medals I have received in Europe 
lave passed away and are forgotten. 
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Lastly, the Hon. Abram S. Hewitt : 


- 


+ 


‘*A very few considerations will serve to show that the Bessemer invention 
takes its rank with the great events which have changed the face of society since 
the time of the middle ages, The invention of printing, the construction of the 
magnetic compass, the discovery of America, and the introduction of the steam 
engine, are the only capital events in modern history which belong to the same 


category as the Bessemer process. They are all examples of the law and progress 


which evolve social and moral results from material discoveries and inventions. 
It is inconceivable to us how the world ever existed without the appliances of 


modern civilization, and it is quite certain that if we were deprived of the results 


of these inventions the greater portion of the human race would perish by starva- 
tion, and the remainder would relapse into barbarism. I know it is very high 


> 


praise to class the invention of Bessemer with these great achievements, but I 
think a careful survey of the situation will lead us to the conclusion that no one 
of these has been more potent in preparing the way for the higher civilization 
which awaits the coming century, than the pneumatic process for the manufae- 
ture of steel. . . . The name of Bessemer will therefore be added to the 
honorable roll of men who have succeeded in spreading the gospel of ‘ Peace on 


earth and good will toward men,’ which our Divine Master came on earth to teach 
* 


and encourage.” 
In thanking you once again for having invited me to prepare 
this monograph, I want to point out to you that the United 
States has done more than any other nation to honor the name 
of Sir Henry Bessemer. Its production of Bessemer steel is 
leaving that of the rest of the world, collectively, far behind. It 
has inscribed the name of Bessemer indelibly upon its maps; 
and it has been the first to put on record, in the Transactions of 
your distinguished Society, the outlined story of his career. 


* Address of the Hon. Abram 8. Hewitt to the Iron and Steel Institute, 1890, 
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Patent 
No 


HENRY BESSEMER.— LS1S-1898, 


INVENTIONS RELATING TO PRINTING, 


Date. Subject Matter 


Mareh Machinery for casting type, 


+ 


j 
Patent | 


No 


8,777 
352 
N35 
827 
747 
670 
2,744 
5,171 
305 
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INVENTIONS RELATING TO RAILWAYs. 


Date | 


Subject Matter 


Checking and stopping railway carriages, 
Atmospheric propulsion 
Railway engines and carriages, 
Construction of railway axles and boxes, 
Manufacture of railway wheels. 
Railway bars. 

Oct. - Railway wheels 

Nov Manufacture of rails and axles. 

Dec Railway wheels and wheel tires. 

March ; Manufacture of crank axles. 

Nov Manufacture of railway bars. 

Oct. Loading merchandise ; railway rolling stock. 


‘ 
4 You 

© ‘ = 63 
‘ 7 ‘The following is a complete list of the patents granted to Sir 
; 7 Henry Bessemer, classitied according to their subject matter. } 
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HENRY BESSEMER. —1813-1898. 


INVENTIONS RELATING TO THE MANUFACTURE OF GLABS. 


— Date Subject t Matter. 


9,100) Sept, 23, 1841 | Manufacture of certain glass. 
July 80, 1846 
(also for silvering and coating glass.) 
July 17, 1847) Manufacture of sheets and plate s of glass. 
March 22, 1848 
Jan, 31, 1849 


ree 
| | Subject Matter, 


9.775 Jan. , 1843) Manufacture of bronze and other metal paints. 

10,011) Jan 8, 1844 | Pigments or paints, and preparing same 

12,611 May 1849) Manufacture of oils, varnishes, pigments, and 
paints, 


INVENTIONS RELATING TO TEXTILES. 
» 


» 
No. Patent 5 Date Subject Matter. 


18,188) July 22,1850 Figuring and ornamenting surfaces, and ma- 
chinery employed therein. 
Nov. 19, 1851 Producing ornamental surfaces on woven fabrics 
and leather. 
June 18, 18583 Manufacture of waterproof fabrics. 
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INVENTIONS RELATING TO THE MANUFACTURE OF PIGMENTS, ETc. 
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19 
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Date. Subject Matter. 


April 17, 1849 Making sugar and extracting saccharine juices 
from the cane. 

July 31,1850 Manufacture of sugar; treatment of saccharine 
matter by centrifugal force. 

March 20, 1851 Manufacture and refining of sugar; machinery 
for producing vacuum, 

Feb. 21, 1852) Expressing saccharine fluids, and manufacture of 
sugar, 

July 24,1852 Manufacture of sugar. 

Nov. 19, 1852 Concentrating cane juice, 

Nov. Manufacture of sugar. 

Nov. 9, 1852 Treatment of washed sugar. 

Nov. , 1852 Concentrating saccharine fluids. 

July 5, 1853“ Refining sugar, 

July 15,1853 Manufacture of saccharine fluids. 

July 1853 Manufacture of sugar. 


ee 


INVENTIONS RELATING TO ARTILLERY, 


| Patent 
No. 


1,385 
9) 


216 
1,069 
217 
265 


2,348 | 
100 | 3,230 | 


101 233 
103 1,466 


Date. Subject Matter, 


Aug. 25, 1854 Guns for throwing projectiles. 

Noy, 24, 1854 | Projectiles, and guns for discharging same. 

Jan. 10, 1855 | Manufacture of ordnance. 

June 18, 1855 

Oct. 17, 1855 Ordnance, and projectiles to be used therewith. 

Jan. 26, 1861 Ordnance and projectiles. 

April 27, 1869 

Jan. 25, 1864 Manufacture of projectiles. 

June 30, 1864 Manufacture of armour plates, and machinery 
therefor. 

Aug. 14, 1867 Ordnance. 

Nov. 29, 1870 | Ordnance, cartridges and projectiles. 

Jan. 27, 187i | Discharging marine artillery. 

June 1, 1871 Ordnance and projectiles. 


s » 
989 
at 
INVENTIONS RELATING TO THE MANUFACTURE OF SUGAR. 
12 12 
17 18 
18 (18 > 
L 
7 f 
ot Sv 
36 
39 
11 
| | 


RELATING TO METALLURGICAL PROCESSES. 


VIIL, 


B56 
650 
1,202 
1,981 
2.6389 
2,726 


Subject Matter. 


Treatment of slag. 

Manufacture of iror and steel. 

Manufacture of cast steel, and mixtures of steel 
and cast iron. 

Manufacture of cast steel, 7 

Manufacture of iron. 

Manufacture of iron and steel, 

Manufacture of malleable iron and steel, 

Manufacture of iron and steel, 

Manufacture of iron and steel, 

Manufacture of iron and steel, 

Manufacture of iron and steel. 

Manufacture of iron 

Manufacture of iron. 

Manufacture of cast steel. 

Treating iron ores. 

Manufacture of malleable iron and steel, 

Smelting iron ores. 

Manufacture of iron and steel, 

Machinery for the manufacture of malleable iron 
and steel 

Manufacture of malleable iron and steel, and 
machinery therefor, 

Machinery for the manufacture of iron and steel. 


| Malleable iron and steel ; machinery and appara- 


Aug. 21, 1854 
Jan. 10, 1855 
Jan, 18, 1855 
Oct, 17, 1855 
Dec. 7, 1855 
Jan. 4, 1856 
Feb 12, 1856 
March 15, 1856 
May 31, 1806 | 
Aug. 25, 1806 
Nov. 10, 1896 
Nov. 18, 1896 
Jan. 24, 1557 
Sept. 18, 1857 
Nov. 5, 1857 
Nov. 6, 1857 
Nov. 13, 1857 
Nov. 20, 1857 
March 1, 1860 
Feb, 1, 1861 
Jan. 8, 1862 
Jan. 138, 1862 
Nov. 5, 18638 
May 1, 18€5 
Nov, 3, 1865 
Dec 31, 1867 
March 21, 18@8 
March 21, 1868 
Nov. 10, 1868 
Feb. 23, 1869 


May 10, 
May 10, 
May 10, 


May 10 
May 10, 
Aug. 10, 
March 6, 


1869 
1869 
1869 


1869 
1869 
1880 


| Machinery and buildings for manufacture of iron 


tus for such manufacture 

Manufacture of malleable iron aud steel. 

Manufacture of pig iron. 

Manufacture of iron and steel, and apparatus 
therefor. 

Treatment of cast iron, and manufacture of iron 
and steel, 

Manufacture of refined iron, and malleable iron 
and steel, 

Manufacture of malleable iron and steel. 

Manufacture of malleable iron and steel, 
and cast steel from pig iron. 

Manufacture of malleable iron and steel. 

Manufacture of malleable iron and steel, 

Conversion of tluid crude iron into fluid malle- 
able iron and steel. 

Treatment of crude iron. 

Working blast furnaces. 

Fusing of metals and alloys, and founding of same. 

Purifying iron; making malleable iron. 


“a 
INVENTIONS 
| | 
@ 
1,835 | 
35 60 
4 39 
48 
19 
| 
57 
2.432 
60 2.805 
61 2.51! 
62 
63 2.921 
67 g 
69 275 
71 
73 «114 
2.744 
80 
967 
87 1,097 
88 
89 1,431 | 
9) 1,43: 
| 
1.484 
113 987 
| 


IX. 
INVENTIONS ReLATING TO MANUFACTURED AND Stree. 


| 
Patent Subject Matter 


June 18, 1855 Manufacture of rolls used in the lamination of 
metals 

Oct. 1855 Metal beams 

May . 1856 | Shaping and pressing malleable iron and steel, 

dan, 1868 Apparatus for pressing, shaping, and cutting 
metallic substances 

April | Making iron plate and black plate. 

Oct, 79) Preparing tin plates, bars, and slabs, 


X 


ING TO NAVIGATION, 


Patent 


No Subject Matter 


8, 1855 Serew propellers, shafts, and cranks, 
7 1855 Manufacture of shafts and cranks, 
2, 1869 Vessels to prevent sea-sickness, 

INTO te ve ee 

7 


1559 May es 


1580 May 80, 1870 
1742 June 17, 1870 
1, 


Oct Passenger vessels 

1.076 March 22, 1873) Controlling suspended saloons, 
2.274 Mareh, I8M4 Ship saloons, 

4.258 


KI, 


-ELLANEOUS INVENTIONS. 


‘ 
Date, Subject Matter 


12.669) June 28, 1849 Machinery for raising water 
12, Sept. 20, 1849 Preparation of fuel ; apparatus for supplying 
same to furnaces 
July 30, 1856 | Treatment of pit coal. 
June 9, 1868 Hydrostatic presses. 
Nov. 11, 1867 9 Grindstones, and other forms of artificial stone. 
Dec 9, 1867) Firebrick, crucibles, ornamental bricks, for build 
ing purposes 
Feb. 15, 1871 | Repairing and converting vessels. 
July 4, 1S71 Asphalt pavements 
March Supplying water 
Dee 81, 1879 | Reflectors, lenses, ete. 
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MEMORIAL NOTICES OF MEMBERS DECEASED. 


|Notres.—It has been thought by the Council that the importance of the life 
work and achievements of Sir Henry Bessemer, Honorary Member of the Society, 
deceased during the year, should receive a fuller reference than the brief note 
usual in the necrology of the year, 

Readers are therefore referred to the monograph prepared by Mr. James 
Dredge, of London, which will be found as a separate paper at page S882 of the 
current volume, | 


JOHN ‘THOMAS. 


John Thomas was born at Yniscedwin, South Wales, Septem- 


ber 10, 1829. The family moved, in 1830, to the New World, and 
after a brief residence in Allentown they moved to Catasauqua, 


where Mr. Thomas spent his youth, starting as a blacksmith’s 
apprentice at the Crane [ron Works. — Later he entered the machine 
shops and furnaces, and upon the retirement of his father from the 
superintendency of the Crane Iron Works his son succeeded him. 
He filled the position with ability and suecess until L567, when he 
resigned it to become General Superintendent of the Thomas Lron 
Company’s works at Hokendauqua. Tle remained in this position 
until S04, building up the facilities of the works and notably in- 
creasing the quality of the product. Advancing years and failing 
health compelled Mr. Thomas to turn over the active management 
of the works to his son, and since that time he has been mostly 
engaged superintending his other business in Pennsylvania, 

Ile became a member of the Society in 1883 upon the proposal 
of Messrs. Eckley B. Coxe, John Fritz, and others. Ie passed 
away at his home March 19, 1897, at the age of sixty-seven 


years. 34 
CHARLES H. PARKER. 


Mr. Parker began his professional career in 1860 as designer on 
textile machinery, shoe machinery, and general work with the 
firm of J. B. Parker & Co. In 1860 he became Superintendent 
of Construction with J. R. Robinson, of Boston, concerned with 
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the introduction of motive-power appliances, and, from 1866 to 
Is6s, and including a residence at the Paris Exposition of L867, 
Was with the Shaw Hot Air Engine Company, engaged in experie 
mental work. 

It has often been noticed that the achievement of the engineer 
in public works fails to receive its adequate recognition. It is 
especially so in the case of an engineer like Mr. Parker, who was 
concerned with an establishment such as was the National Bridge 
Works of Boston; for during the seven vears of his connection 
With them, from 1868 to 1875, he designed and built important 
bridges over the Merrimae at Lowell, Haverhill, and Tyngsboro ; 
and over one hundred and fifty other bridges of different spans, 
made from the designs of others, were carried through the shop and 
erected by him, Notable in this list is the Quinnipiac, at New 
Haven, designed by Clemens Hershel; the iron roof of the large 
train house of the Boston & Providence Depot, the Boston & 
Lowell Depot, the Museum of Fine Arts, the Boston Post Office 
and Treasury Building, and the iron work of the Providence City 
Hall. Besides this, his works included a large number of oil 
refinery outfits, tankage pipe lines, mill roofs, blast-furnace works, 
etc. In the latter years of his life he was connected with the 
Charles River Iron Works, of Cambridgeport, designing, construct- 


ing, and erecting mining machinery, hoisting engines, and power 


plants. Ie became a member of the Society at the meeting in 


Boston, in 1885, and died August 31, 1897.” = 
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ALBERT L. IDE. 


Mr. Ide was born in Wapakoneta, Ohio, March 20, 1841. He 
came to Illinois in 1848 with his father, L. H. Ide, and lived on a 
farm near Williamsville, until 1855, when he moved to Spring- 
field. He early showed his mechanical tastes and instincts, 
and was a neighborhood clock repairer. In 1856 he entered the 
shop of Campbell & Richardson as an apprentice and remained 
with them until the first call for troops in the Civil War. His 
active service ended as Major of the Thirty-second Illinois 
Infantry, from which he was honorably discharged for dis- 
ability after a severe fever. After the close of the war he built 
and equipped and became president of a city railway line in 
Springfield, and in 1870 started the business of steam-heating, 
the capitol building being one of his successful achievements. In 
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IS76 he purchased a shop under an agreement to operate it for 
ten years, Which was the nucleus of the greater development of 
his later life. About 1880 Mr. Ide became interested in the : 
efforts to introduce a commercial system of electric lighting. At -; 
that time Menlo Park and Mr. Edison’s laboratory were the only 7 


difficulty from unsteadiness in the motive power. It was the ex- 


places to study, and he had there his attention directed to the 4 

perience of these years of designing, construction, and superin- . 

tendency which developed the engine which was identified with “i 

his name. Its mechanical features are well known to specialists. 

The combination of governing mechanism and self-oiling system, 

perfected about 1886, resulted in the “ Ideal” engine, the name : 

being based upon its designer’s own. a 
Ile became a member of the Society at the New York meeting ' 

in 1884, and his death, the result of peritonitis, occurred Septem- ij 

ber 30, 1897, at Chetek, Wis., to which he had gone for health - 


and rest. » 


CHARLES BENJAMIN BRUSH. 


Mr. Brush was born February 15, 1548, in New York City. 
Ile was graduated from the New York University as civil engineer; 
his first professional work being during the years 1567-69, on the 
Croton Aqueduct. In this last year he commenced an independent 
practice of his profession, but in 1874 was made Adjunct Professor 
of Engineering, and in 1888 full Professor and Dean of the School 
of Engineering. In 1584 the firm of Spielman & Brush, of ILo- 
boken, was created, and he devoted his time largely to public im- 


provement in his city and neighborhood. He had been concerned 
in water works practice; was engineer for the contractor of the 
Washington Bridge over the Harlem, associate engineer for the 
proposed New York and New Jersey Bridge over the Hudson ; 
was fora time engineer of the Hludson River Tunnel, and was 
concerned with much of sundry work in Hudson and Bergen 
counties. He also built the Tully Pipe Line Works at Syracuse, 
and was either chief, consulting, or associate engineer in many 
companies. He connected himself with the Society in 1592, and 
his death, June 3, 1897, came, after a period of ill health lasting 
for ten or twelve years, from kidney and lung troubles. His re- 
tirement from active business began in 1894, resulting from a cold 
contracted in a personal inspection of the big eight-foot sewer of 
the town of Union. 
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THOMAS R, MORGAN, 


Mr. Morgan was born in Penydarran, Glamorganshire, Wales, 
March 31, 1834. He passed away suddenly of heart failure at 
his home in Alliance, Ohio, September 6, 1897. 

He began his life work in the coal mines in Wales as a door 
boy, and afterwards as mine teamster, his father being one of 
the contractors in his home district. At ten and a half years 
a serious accident befell him, whereby he lost his left leg. 
After earnest schooling in the best schools of his vicinity he 
served his time as machinist in the Penydarran [ron Works, 
and afterwards in the Dowlais Iron Works, and later having 
charge of the iron works at Blaenavon, Pontypool. Ile left 
an excellent position, in charge of extensive machine shops, 


to come to America in 1865, arriving on the very day upon 
which the assassination of President Lincoln took place. He 
located himself first in the shops of the Lackawanna & DBlooms- 
burg R.R., and later in the works of the Cambria Iron Company. 


Removing to Pittsburg, he became Superintendent of the Allegheny 
Shops, the Atlas Works, and the locomotive works of Smith & 
Porter. After remaining for several years in the management of 
these works he engaged in business for himself, beginning in Is6s. 
In 1878 he became General Superintendent of the firm of Mor- 
gan, Williams & Co., of Alliance, Ohio, which later became the 
Morgan Engineering Company, of which he was President to the 
time of his death. When he began, it was less usual to construct 
massive and powerful machinery in America, and the early repu- 
tation of this firm was built upon their success with hammers, — 
shears, and similar work. Mr. Morgan introduced the practice 
from England of driving travelling cranes with the continuous 
square shaft. 

WILLIAM A. ROGERS, 


Professor William A. Rogers was born at Waterford, Connecti- 
cut, November 13, 1832, and died at Waterville, Maine, Mareh 1, 
189s. His boyhood was spent for the most part in the interior of 
New York State, in the villages of DeRuyter and Alfred, where 
he received his preparation for college. In 1853 he entered Brown 
University, from which he was graduated in 1857. Before gradu- 
ation he had already begun his career as a teacher in a classical 
academy, and immediately after taking his first degree he was 
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appointed tutor in the academy at Alfred, New York, from which 
he had gone forth a few years previously as an exceptionally sue- 
cessful student. In 1859 he was advanced to the Professorship of 
Mathematics and Astronomy in Alfred University, an institution 
under the care of the Seventh Day Baptist denomination, of 
which Professor Rogers was an ardent member throughout his 
life. This position he held eleven years, though absent part of 
this time for several specific purposes. Among these absences one 
was devoted to a year of study in the Harvard College Observa- 
tory ; six months were occupied in work as an assistant in the 
same place; fourteen months were given to service in the navy 
during the Civil War, and nearly a year was given to the study 
mechanies in the Sheftield Scientific Schoél at New Haven. 
In L870 Professor Rogers severed his connection with Alfred 
University for the purpose of becoming an assistant in the Astro- 
nomical Observatory at Harvard, and, in 1875, he was here made 

Assistant Professor of Astronomy. This position he retained 
until 1886, when he accepted the chair of Physics and Astronomy 
at Colby University, Waterville, Maine. Here the last dozen 
years of his life were spent; but had he lived a month ionger he 
~ would have resumed his connection with Alfred University, where 
a new physical laboratory is now in process of erection. The 
building was planned by him in 1897, and on the oceasion’of the 

laying of the corner-stone, June 23, 1897, Professor Rogers de- 
~ jivered the dedicatory address. His resignation had already been 
offered to the trustees of Colby University, to take effeet April 
ISOS, 

During the sixty-five years of his busy life the most distinguish- 
ing characteristics of Professor Rogers, as a student and teacher 
of science, were his indomitable perseverance, industry, care, pa- 

— tience, and accuracy. Beginning as a teacher of pure mathematics, 
he passed naturally into specialization in astronomy and its allied 
neighbors, mechanics and phiysies. His delight was minute 
measurement, with accuracy to the last decimal place that patient 
industry could render attainable. He sought accuracy not merely 
for the securing of the best practical results, but because he had a 
veritable passion for its pursuit. It was as far back as 18s0 that 
at a meeting of a scientific body he gave the outcome of an 
elaborate comparison between the standard French meter and the 
imperial yard, the uncertainty being in the value of the digit 


occupying the place of ten-thousandths of an inch. Another 
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sult almost identical with the first was reported in 1882 at Mon- 
treal as the outcome of new measurements, the meter being 
equivalent to 39.37015 inches under standard conditions. Still 
ee was given a year later at Minneapolis, 39.37027 inches. 
_At Philadelphia, in 1884, he announced a re-examination of his 
5 data, with the expression of his conviction that this result was a 
— jittle too high, but that the true value could not be less than that 
; given at Montreal. At Buffalo, in 1886, 39.37020 inches was 
z= given as a new determination. In 1893, as the mean of eleven 
determinations, he gave 39.370155 inches. This may be taken as 
a final value. It has been subjected to two or more revisions by 
him since 1893, but with no appreciable change as the result. All 
physical measurements are necessarily only approximate. 

The scientific papers published by Professor Rogers are about 
seventy innumber. The first, which appeared in 1860, was forty- 

five pages in length, and related to the determination of geo- 
graphical latitude from observations in the prime vertical. He 
was at this time about thirty-seven years of age, and still con- 
nected with Alfred Observatory, where the facilities for research 
were very limited. Under his direction in 1865 Alfred Observa- 
tory was built and subsequently equipped. Lis activity as a 
scientific worker was much stimulated after his connection with 
the Harvard Observatory became established. During the sixteen 
years of his residence in Cambridge he published forty scientific 
papers, most of which related to practical astronomy, such as the 

determination of star places, the calculations of ephemerides, the 
study of the errors of instruments, the construction of star cata- 
logues from all known data, ete. Included in such work as this 
the study of the microscope as an instrument of precision was | 
naturally developed, and the methods of securing accurate rulings 
for micrometers became a subject for the application of industry. 
This led Professor Rogers into the study of physical standards of 
length and the construction of ruling machines, regarding which 
he made himself a generally recognized authority. The articles 
on “ Measuring Machines” and * Ruling Machines” in the new 
edition of Johnson’s Cyclopedia were written by him. 

In all accurate measurements of length the recognition of the 
temperature at which they are made is a matter of prime im- 
portance, since a slight variation in temperature produces a 
measurable change of length. The recognition of this fact caused 
Professor Rogers to enter into an extended study of the limits of 
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precision in thermometry, of radiation, and of coefficients of ex- 
pansion. This continued to be his chief study during the closing 
years of his life. Nevertheless he kept numerous data from his 
work at Harvard, and published a number of astronomical papers 


after his removal to Colby University. Iis special interest, how- 
ever, had been gradually transferred to the domain of Physics. 
In the construction of micrometers he early experienced trouble 
on account of the scarcity of suitable spider webs, and this caused 
him to undertake the etching of fine lines on glass. So successful 
was he in this that a large number of his plates were secured by 
the representatives of the national government and sent out for 
use by the observers on the occasion of the transit of Venus. 
During his study of standards of length he visited Europe, ob- 
tained authorized copies of the English and French standards, 
and brought these home with him. They were then used by him 
as the bases of comparison for bars which he constructed and 
ruled, and these are now the chief standards in a number of the 
most important laboratories in America, 

Immediately after his removal to Colby University Professor 
Rogers undertook the study of thirty mercurial thermometers of 
the U.S. Signal Service pattern, and, by comparison with these, 
he secured a standard for the measurement of very low tempera- 
tures. It was about this time that Michelson and Morley devel- 
oped the interferential comparator, and began their investigation 
regarding the use of the wave-length of sodium as a standard of 
length. Professor Rogers had already done much work with 
comparators, and he soon became associated with Professor Mor- 
ley in the application of optical methods to the determination of 
minute changes of length. After proper adjustment of apparatus 
the measurement of almost infinitesimal expansion or contraction 
becomes possible by merely counting the number of interference 
fringes of monochromatic light which pass across the field of 
view in a given period of time. In this way Professor Rogers 
determined the coefficient of linear expansion of Jessop steel with 
a degree of precision never before attained. His work in this 
connection was presented at the Springfield meeting of the 
Scientific Association in 1895. 

In his address last summer at the laying of the corner-stone of 
the new physical laboratory of Alfred University, Professor 
Rogers gave a summary of the kind of work which he proposed 
to undertake personally and with the codperation of his more 
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advanced students. Prominent among the subjects had in view 
were the study of the law of expansion of metals under changes 
of temperature, the standardization of measures of length, the 
separate measurement of the effects of hot air and of the heat 
conveyed by radiation, the energy of heat radiations as deter- 
mined with the interferometer, the development of the construc- 
tion of precision screws, the practical development of methods of 
precision in work-shop operation, the investigation of the relative 
cost and efficiency of small sources of power, of the economy of 
various methods for generation of X-rays. This is an excellent 
summary of the work to which he had been devoting his energies 
for some years past. 

In acknowledgment of his scientitie work Professor Rogers 
was elected, in 1875, to membership in the American Academy of 
Arts and Sciences at Boston. In 1880) he received the honorary 
degree of A.M. from Yale, and during the following year he was 
made an Honorary Fellow of the Royal Mieroseopical Society. In 
ISSG he reeeived the honorary degree of PILD. from Alfred 
University, on the oceasion of the semi-centennial of this institu- 
tion, and in 1802 Brown University conferred the degree of 
LL.D. In 1895 he was elected to membership in the National 
Academy of Sciences. In addition to these rece wenitions of merit 
he was made Vice-President of the American Microscopical Soci 
ety in 1884 and President in 1887; Vice-President for Section A 
of the Scientific Association in 1882 and 1883, and Vice-Presi- 
dent of Section B in 184. The subject of his vice-presidential 
address in 1883 was “The German Survey of the Northern 
Heavens” ; in 1894 it was “ Obscure Heat as an Agent in Produe- 
ing Expansion of Metals under Air Contact.” 

Professor Rogers connected himself with the Society in 1854, 
after the completion of the joint work done by himself and Mr. 
Geo. M. Bond, which resulted in the Rogers-Bond comparator, at 
Hartford, concerning which an expert committee of the Society 
made its report, published at page 21 of Volume IV., 1883. He 
contributed also upon his effort to solve the perfect screw problem, 
and the use of the microscope in the machine shop. 


JOSEPH C. G. COTTIER. 


Mr. Cottier was born May 2%, 1874, at Jersey City, N. J. 
After an early school education in his native town and prepara- 


tion in F rance he ente red the Stevens Institute, from | which he w: as 


, 
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graduated in 1894 with the degree of mechanical engineer. He 
distinguished himself as a student in the field of mechanics. After 
graduation he entered business, but found nowhere the opportuni- 
ties for mathematical study which were his ambition. Accord- 
ingly, in the autumn of 1895 he became a university scholar in 
pure science at Columbia University, in the field of mechanies and 
mathematics, taking the degree of Master of Arts in ’96. He 
Was nearly ready to take his Ph.D. and had been reappointed as 
Fellow in the Department of Mechanics when his work was cut 

off by his untimely death in Paris, August 17, 1897, from typhoid 

fever. Two important papers of Mr. Cottier’s may be mentioned. 
One is entitled “The Application of the Equations of Hydrome- 

chanics to the Terrestrial Atmosphere,” and the other is entitled 

© The Application of Curvilinear Coordinates to the Equations of 
vdromechanies.” 


Ie was travelling in Europe with a companion upon a bicycle 
tour through the North of France, when both were overtaken by 
the fever, under which both lost their lives. He connected him- 
self with the Society as a Junior Member, at the Detroit meeting 
in June, 1895, at which time he was serving as draftsman with 

the East River Gas Company. ne < 


NORMAN RUTHERFORD WEAVER. 


Norman Rutherford Weaver was born on a Southern plantation 

in Dallas County, Ala., March 11, 1569. lis parents moved to 
Salem, Ala., when he was still an infant, and it was there that the 
child foreshadowed the man, as this young boy turned of his own 
- volition towards mechanics. Ile set up a telegraphic connection 
with a school friend, and at twelve years had mastered simple 
telegraphy, while he eagerly delved into all books of mechanical 
science which fell within his reach. When at college at Auburn, 
Ala., he made a small steam engine that for several years after- 

— wards was exhibited to visitors. At this early age he set his 
mind on inventions, one of which he treasured always and _ in- 
tended by perfecting it to revolutionize steam engineering of 
~modern times. At Auburn he received a diploma and he after- 
wards studied at Cornell. Seeing no opening for his chosen pro- 
fession in his native town, he apprenticed himself to the Thomson- 
Houston Co, at Lynn, Mass., and early became one of their 
most trusted employees. Ile developed a faculty for speedily re- 
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habilitating run-down plants to the eminent satisfaction of own 
ers. It was in this capacity that he went to Galveston, where he 
was General Manager of the Electric Street Ro Ro Roanoke, Va., 
Chambersburg, Pa., Winnipeg, Manitoba, Montgomery, Ala., and 
Columbia, Tenn., were also scenes of his labors. While at Chi- 
cago this young fellow, just in his twenties, was Superintendent 
of General Electric Co.’s shops, Western Division. Tle had been 
known to work forty-eight hours without rest, in order to over: 
come some difficulty in a previously ill-managed electric plant, 
and it was such unremitting labor and conscientious giving of his 
time to business that soon began to prey upon his health. ‘This 
devotion to his profession would not permit the halt advised four 
years ago by his family physician, though he might well have 
complied, as he was a man of means and the son of a wealthy 
father, As it was, he had planned eleetrie work in Chicago for 
the year “9S, but came home ill in August, *) After a futile 


‘. 
visit to Stafford Spring, Ala., he returned to Selma, dragged out 


a month or more of suffering and fading hope; then, surrounded 
by the loving care of relatives and friends, he passed away of 
Bright's disease, Tuesday, October 5, 1897. 

Mr. Weaver joined the Society at the New York meeting, 


December, 189d. 


EDGAR HUBBARD BOOTH, 

Edgar Hubbard Booth was born at Marysville, Cal., Novem- 
ber 22, 1861. After being prepared at the San Francisco High 
School for the University of California, he left that institution in 
[879 to become an apprentice at the Union Works, at which he 
remained as machinist and draftsman until 1883. le was design- 
ing and superintending engineer at the Union Tron Works, Fulton 
Iron Works, and the Marysville Foundry and Machine Works, 
until 1891, when he became Mechanical Engineer with the Gen- 
eral Electric Company of New York. Ilis attention had been 
directed specially to the problems connected with gold and silver 
milling and mining plants, and in designing and installing electric 
haulage and pumping plants. His relations as Assistant General 
Manager of the mining department of the General Electric Com- 
pany brought him into responsible charge of African installation in 
1895 with the Gold Fields Co., Ltd., of Johannesburg, the largest 
goldanining plant in the world ; notably among these a 1,000-horse- 
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power electric mining and pumping plant for the Robinson Deep 
Mine, and a 3,000-horse-power plant for the Simmer and Jack 
Mine, 

Ile connected himself with the Society in June, 1894, at the 


Montreal meeting, and died October 24, 1897. 
a 


be 
GUSTAVE JACQUES MAILLEFERT, 


Gustave Jacques Maillefert was born at Royamont, France, 
February 3, 1823, and died at New Haven, Conn., December 
9. 1897. 

Mr. Maillefert was educated in the technical schools of Paris, 
and, after serving an apprenticeship in a machine shop in that 
city, was connected with different manufacturing concerns until 
1851, when he came to the United States to assist his brother, 
Who was at that time engaged by the Government in an attempt 
to blast a channel through [fell Gate. Later he was engaged in 
erecting a government lighthouse at New Ilaven. Upon the 
completion of this work in 1853 he entered the service of the 
New York, New Haven and Hartford Railroad Company at their 
New Ilaven shops. He served in various capacities in these shops ; 
at one time having been Superintendent of Erection. At the 
time of his death he was located in the drafting room. He 
became a member of the A.S. M. E. in 1887. 

In 1861 Mr. Maillefert enlisted in the Second Company, Gover- 
nor’s Foot Guards of Connecticut, with the expectation of seeing 
active service in the Civil War, but the services of this company 
were deemed more necessary at home. He retained his member- 
ship in the organization for many years. 


BURR KELLOGG FIELD. 


Burr Kellogg Field was born at Auburn, Indiana, on the 5th 
day of May, 1856. Soon after his parents moved to Malden-on- 
the-Hudson in New York State. He prepared for college at the 
St. John’s Military School at Sing Sing, N. Y., and entered the 
Sheflield Scientific School of Yale University in the fall of 1874, 
graduating with the class of 1877. 

Ile commenced his engineering career, after graduating from 
the course of Civil Engineering at Yale University, as a water- 
boy to a section gang on the Baltimore and Ohio Railroad at the 
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munificent salary of three dollars per week. Every engineer 
knows the struggle for existence of young engineering graduates 
during the period of IST7, USTs, amd IST) and Mr. Field’s case 
was no different except that circumstances forced him to provide 
for the support of his aged father and mother and younger 
brother and sister out of his scant earnings. 

In duly, IS78, he entered the service of the St. Louis & San 
Francisco Railroad, in the Department of Tracks, Bridges, and 
Buildings, where he remained until September LO, when he entered 
the employ of the Denver & Rio Grande Railroad as a rodiman on 
the New Mexico and Colorado Division. After leaving the Denver 
& Rio Grande Railroad he was engaged as a rodman on the con- 
struction of the Omaha extension of the old) North Missouri 
Railroad until August, IS79, when he was appointed as a rodinan 
on the Wichita extension of the St. Louis & San Francisco Rail- 
road, in which place he remained until the spring of 1Ss0, 
occupying, successively, the positions of rodman, leveler and topog- 
rapher, 

In the spring of Isso, Mr. J. F. inekley, now Chief Engineer 
of the Indianoma Construction Company, was detaileel by the St. 
Louis & San Francisco Railway Company to make surveys from 
What is now Monett, Mo., to Van Buren, Ark., and Mr. Field was 
engaged by him as topographer, remaining with Mr. Hinckley 
until the completion of the preliminary surveys. Much of the 
country traversed was wild and broken in the extreme, and little 
or nothing was known about it previous to these surveys. Mr. 
Field continued as topographer on location under Mr. A. P. Mann, 
“principal Assistant Engineer, and, later, under Mr. M. N. Randall, 

Locating Engineer. The work covered the territory between 


Boston Mountains near where is now located the present station of 
Winslow. Later Mr. Field was placed as engineer in charge of 
“masonry, trestles, and bridging on the line between Winslow and 
~ Van Buren. The masonry and bridging on this portion of the 
line are important in character, the streams crossed being rapid 
torrents and the foundations being difficult to sink. Under his 
— direction there were constructed three iron trestles, ranging from 
— 400 to 700 feet in length and from 100 to 120 feet in height, besides 
some twenty spans of Ilowe truss bridges resting on masonry 
piers. Upon the completion of this work, in the summer of Iss1, 


Mr. Field joined one of the surveying parties under the charge of 
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Mr. R. L. Van Sandt, to complete the location between Van Buren | 
and Fort Smith and to make preliminary surveys through «= 
country from Fort Smith to Paris, Tex. Ile remained in wo 
position until February, when he was appointed Assistant 
Engineer on the Northern Pacifie Railroad. 14 

From February, 1882, to November, 1883, Mr. Field was Assiste 
ant Engineer on the Northern Pacitic Railroad, part of the time in 
charge of the construction of the Yellowstone Division, and aa 


in charge of the tracks and bridges in the construction of the 
fifty-two miles of the National Park Braneh, connecting the 


Yellowstone Park with the Northerm Pacific. 

On January 17, Iss4, he was appointed by Mr. John D. 
Estabrook, then Chief Highway Commissioner of the city of Phil. 
adelphia, to the lnportant position of Superintendent of Bridges 
in the Highway Department of the city of Philadelphia. Two 
vears later, in 1ss6, Mr. Field accepted an appointment as Assist- 
ant Engineer of the Berlin Iron Bridge Company, of East Berlin, 7 
Conn. Ilis advancement with the Berlin Tron Bridge 


was very rapid, and at the time of his death, January a 
@ 


ISOs, he occupied the important position of Vice-President of the 
WILLIAM ELLISON STEARNS, 


Mr. Stearns was born in Newark, N. J... Mareh 2. 1857. 


During the seven vears from 1883 to 1890 he was with the Mis- 
souri Valley Bridge Works at Leavenworth, Kansas, and from 

1800 to TS92 made his home in St. Louis as Western A vent for the 7 
Berlin Iron Bridge Company. From 1892 to 1805 he represented 
this same company as its Civil and Mechanical Engineer in Con- 
necticut and at Philadelphia. It was during this time that he 
connected himself with the Society at its Montreal meeting, 1894, 
connecting himself in January, 185, with the Marvland Steel 
Company. In 1896 his health began to fail, and after many 


+ months of sojourn in the South, with great advantage, an attack 
of pneumonia in January, L898, so prostrated him that he was 

1 unable to recover. He passed away May 6, 1898, — 


CHARLES E. EMERY, 


a Charles Edward Emery, Ph.D., was born at Aurora, N. Y., 
Mareh 28, 1838, and died June 1, 1898. Ie was educated at the 


Canandaigua Academy and studied mechanical engineering at the 
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=f 
shops of the various manufactories and railroads in the vicinity. In 


[858 he started patent soliciting and later in the year studied law, 
With a view to becoming a patent lawyer, but in [861 abandoned 
his studies and entered the Navy as Assistant Engineer. Ile served 
throughout the war, obtaining promotion. Ile was ordered to New 
York to assist in conducting United States experiments, where he 
served until 1869, when he retired, and opened an office as consulting 
engineer and patent expert. In the same year he was appointed 
Consulting Engineer and Chairman of the Board of Examiners of 
the United States Coast Survey and Revenue Marine. In this 
capacity, as & member of mM joint board of engineers representing 
the Treasury Department, Charles II. Loring representing the 
Navy, he conducted an extended series of experiments to determine 
the relative value of compound and non-compound engines, the 
reports of which were extensively published in scientific literature 
in this country and abroad and were the only reliable data extant. 
During these tests he was also conducting a series of experiments 
on stationary engines, and prepared an elaborate circular, subse- 
quently published by W. P. Trowbridge, entitled * Condensing and 
Non-Condensing Engines.” Mr. Emery very soon thereafter 
received the honorary degree of Doctor of Philosophy, and became 
the Superintendent of the American Institute Fair. 

In 1876 Dr. Emery was appointed one of the judges of the 
Centennial Exhibition, at Philadelphia, on Engines, Pumps, and 
Mechanical Appliances, and associate to Committee on Musical 
Instruments, Electrical, and other Scientific Apparatus. 

In IS79 the New York Steam Company appointed him chief 
engineer and manager, and under his direction the plants of the 
company, involving an expenditure of over $2,000,000, were con- 
structed and successfully operated, ITe resigned in ISS7. 

During this period he conducted many private investigations 
relating to the isochronism of timepieces, and became an authority 
on such matters. Tle made many suecessful experiments in 
electricity and built several dynamos and motors that operated by 
direct current without the use of a commutator. He also became 
consulting engineer for the city of Fall River, and, upon his re- 
port, a novel compromise was effected between the city and the 
mills whereby the mills agreed to furnish water to the city in 
consideration of the abatement of taxes on water power. He 
Was also retained as consulting engineer on terminal facilities of 
the New York and Brooklyn Bridge, and became non-resident 
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Professor of Cornell University, where he lectured until the time 
of his death. 

In ISSS Dr. Emery was awarded the Watt Medal and Tilford 
Premium by the British Institution of Civil Engineers, for an 
approved paper. 

In ISML he resigned from the U.S. Coast Survey and Revenue 
Marine, as the same had passed into the Navy Department. While 
in this service he had designed and superintended the construction 
of the engines of twenty new vessels, and had improved the 
engines of many others. 

In 1808 Dr. Emery was appointed one of the judges of the 
World’s Fair at Chicago, on dynamos and motors, and from that 
time on devoted himself more particularly to electricity and to 
water condemnation cases, 

Ile was a member of the commission on the purchase of the 


Long Island Water Supply Company by the city of Brooklyn, 
the water supply of the city of Newark against the Mills, the — 
water supply of the city of Skaneateles against the Mills, the 
city of Lowell water supply cases, and, at the time of his death, 
represented the Jersey Central in the matter of the Bound Brook 
floods, the city of Worcester water supply, and the city of Lol- 
yoke Water-power Lax Cases, 

Ile has been expert in innumerable patent cases and in suits 
arising from damage done by defective apparatus. He has also — 
lectured extensively throughout the country before educational 
institutions; has contributed largely to scientific literature, and is 
well known throughout the scientific world. 

He has taken out many and valuable patents in all branches of 
engineering, and, in all, bas sought to simplify existing mechanism 
and to render mechanical many of the delicate operations per- 
formed by hand. 
4 Dr. Emery was a charter member of the American Society of — 
Mechanical Engineers, of the Society of Civil Engineers, Institute 


of Mining Engineers, Institute of Electrical Engineers, American 

Association for the Advancement of Science, and the British | 
Institute of Civil Engineers. He was recently elected a Fellow 
of the Brooklyn Institute. 


‘ 
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i EDWIN HOWARD BENNETT 7 
Mr. Bennett was born in Morrisania, N. Y., April 16, S45. 0 
After the ordinary common-school education he entered the em- _ | 
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ploy of the Atlantic Dock Steam Engine Works of South Brook- 
lyn, in 1861. In 1861 he entered the Singer Mfg. Works as 
assistant to his father, Thomas Bennett, and after ten years of in- 
creasing responsibilities became Chief Engineer in 1873, and Assist- 
ant Superintendent in 1883. Later he was elected a Director, and 
finally the Treasurer of that company. Since 1879, in addition 
to his duties with the Singer Company, he was personally con- 
cerned with the construction of the details of the Babcock & 
Wilcox water-tube boilers, and at the time of his death was Presi- 
dent of the company. He was also one of the incorporators of 
the Diehl Mfg. Co. He connected himself with the Society at 
the Cleveland meeting in 1883, but as the result of his excessive 
assiduity in business matters he was compelled to lay aside the 
active duties of his profession in 1896, and failed gradually until 
his death, June 27,1898. 
WILLIAM HARVEY INSLEE. 
Mr. Inslee was born in Newark, N. J.. October 6, 1841. Af- 
ter the usual common-school preparation he became apprenticed 
with the firm of Parker, Snow, Brooks & Co. at Meriden, Conn., 
and later became machinist with the Hewes & Phillips Tron 
Works of Newark, serving them as foreman one year and as 
draftsman for seven years. 

In 1869 very flattering proposals were made to Mr. Inslee by 
the Singer Mfg. Company to take charge of the Adjusting Depart- 
ment, and in connection with this work many improved designs 
of special tools were originated by him, and the department 
brought up to a standard of perfection not realizable hitherto. In 
1890 he was sent to Scotland by his firm to devise ways and 
means to bring up the Scotch establishment to the standard which 
had been secured at Elizabethport, and by his careful and correct 
work the detail was so systematized that it became possible for 
Mr. Inslee to be entrusted with larger responsibilities. 

He was therefore made Superintendent and General Manager 
of the Kilbowie Works and made his home in Glasgow, Scotland, 
until his death, July 24, 1898, in that city. He was unable to 
rally from a relapse following an attack of appendicitis. 

Mr. Inslee joined the Society at its Atlantic City meeting in 
May, 1895. Among his inventions are the Singer single-thread 

S. machine. 
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There were also many others which were in his mind at the time 
of his removal to Scotland, which were never completed by reason 
of the change in his work which followed this change of home. 


La S 


Mr. Sharp was born in Mahoning County, Ohio, February 22, 
Is20.  Ilis father had emigrated from New Jersey in 1506, 

During his early boyhood, beginning at seven years of age, he 
earned his living by working on his uncle’s farm, getting his 
schooling during the seven and eight winters of this farm life and 
completing it with one year, at the age of twenty, in the Friend’s 
School at Mount Pleasant, Ohio. He helped his brothers in va- 
rious mechanical works, millwrighting and the like, and was for a 
few years at the Cuyahoga Furnace and Engine Works of Cleve- 
land, previous to 1850. During the succeeding twenty years he 
Was the active man of the firm of Sharp, Davis & Bonsall, and 
acted as its President, until the Buckeye Engine Co. was created 
with greater facilities to carry on the work of its predecessors. 
Ile continued President of the Buckeye Engine Co., and, associated 
with Mr. J. W. Thompson, they developed the automatic shaft 
governor and made a creditable showing at the Centennial Expo- 
sition of IS76. In 1885 his labors became too severe in connec- 
tion with the building of a wire-nail factory in his town of Salem, 
of which he was also President, and although remaining in office 
he was compelled to resign his duties with the Engine Company. 
In the last vears of his life failing health compelled him to in- 
creasing effort to recuperate his strength, but the loss of energy 
Was progressive, and he finally passed away July 28, 1s9s. Tle 
had celebrated the Golden Anniversary of his wedding, four years 
before. Ile connected himself with the Society at its New York 
meeting in 1SS4. 


JOHN J. HOENLEBER. 


Mr. Schoenleber was born July 11, 1866, at Ransom, Tl. He 
became apprenticed with the McDonald Engine & Boiler Works 
at Des Moines, Iowa, in 1885, after serving as Locomotive Foreman 
on the C. B. & Q. R. KR. After graduating from the Lowa State 
College in 1889, he devoted himself to electrical engineering in 

' ith the department of railway work at Chicago. He 
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came to St. Paul in 1893, and shortly afterwards established the 


Northwest Engineering Company, conducting an increasing busi- 

ness in electrical supplies and construction work. Ile passed away 

after a very brief illness, August 4, 1898. His membership 

the Society in the Junior grade dates from 1893, at which time 

he was connected with the Schenectady Electric Works, in the 
_ Department of Railway Motors, 


JOSEPH C. PLATT. 
“a 
Mr, Joseph C. Platt was born January 9, 1845, at Fairhaven, 
Conn. Ile was educated in the public schools and _ fitted 

— Phillips Academy, Andover, Mass., for Rensselaer Polytechnic 
Institute, entering that institution with the class of 1866, and 
graduating with his class with the degree of Civil Engineer. 

During the years 1867-1868 he was e mployed in various capaci- 
ies in iron works at Seranton, Pa., and in 1869 was appointed ° 
assistant engineer on the Morris and Essex Division of the 

Delaware, Lackawanna and Western RR. During the four years 
of IST70-1S74 he was engaged as constructing engineer and super- 
intendent of blast furnaces for the Franklin Iron Company, and 
from 1575 to L889 was president of the Mohawk & Hudson Manu- 
facturing Company, of Waterford, N. Y., retiring in the latter 
vear on account of ill health. 
During the last years of Mr. Platt’s life he was engaged in the 
B ng actice of his profession as a consulting engineer. He joined the 
“Society at the New York meeting of 1891, and died at his home 
in Waterfor d, N. Y., July 7, 1898. 


JOHN C. O'CONNELL. 


Mr. O'Connell was born October 12, 1837, at Mobile, Ala., and 

ras educated at a private school, making a special study of archi- 
= After finishing school he served two years’ apprentice- 
ship in the shop of I. Gregg, located in his native city. At the 

. — nd of his apprenticeship he acce pted the position of third assist- 
—* engineer on the steamer Co/onel Clay, remaining in that posi- 
tion f for three years, successfully posting an examination for second 
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‘ he Was then made first assistant. Shortly alter this the Civil 
ae War breaking out, he entered the Confederate service as a third , 
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assistant engineer in the navy, serving as same throughout the 


war. Fora time he was acting as assistant engineer of the Con- 


—federate ram Tennessee, serving as such in the engagement in 


Mobile Bay. Afterwards he was in charge of the ironclad 


steamer J/untsville. From the close of the war until 1870 Mr. 


O'Connell was engaged as chief engineer on Jake, bay, and river 


steamers, with some sea service. Mr. O’Connell was proprietor of 


- the Montgomery Compress Company, of Montgomery, Ala., being 
in active practice up to the time of his death, which occurred July 


19 ISOS, 
Tle connected himself with the American Society of Mechanical 
Engineers as a member at the P bo idelphia meeting in LSS7. 


